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ABSTRACT 
The development of more accurate and precise methods of assessing physical activity 
behavior is an important public health research priority. Objective monitoring devices have 
advantages but the high cost and burden of data processing make them impractical for large scale 
applications. Subjective (survey-based) tools are inexpensive and easy to use but these suffer 
from questionable validity.  Objective measures are often used to validate less accurate measures 
such as subjective instruments but this does not directly improve the accuracy or precision of the 
self-report instrument. The proposed line of research developed and tested a calibration equation 
approach that enabled data from a self-report instrument to be linked to, and scaled from, data 
from an objective monitoring device. This line of research was developed in a series of three 
studies and culminated with the development and calibration of a new self-report tool: the Youth 
Activity Profile.  
This work provides good evidence that the utility of self-report tools can be improved. 
Minutes of activity can be directly obtained from these tools if researchers select adequate 
calibration procedures. To our knowledge the Youth Activity Profile is the first self-report 
instrument designed to facilitate recall in youth while providing detailed information about 
activity patterns during important periods of the week (e.g., school time, home, weekend).
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CHAPTER 1. INTRODUCTION 
Preview 
Promoting physical activity in the population, and in particular in youth, has received 
special attention among experts in the field. The importance of physical activity led to the first 
national physical activity guidelines (Physical Activity Guidelines for Americans) (126) and was 
recently reinforced through the National Plan for Physical Activity (101).   
These joint efforts require accurate and precise assessments of physical activity behavior 
to better understand population behaviors and evaluate national initiatives or interventions 
designed to increase physical activity behavior (15).  However, the measurement of this 
construct has proven to be very challenging, particularly in children that often engage in short 
bursts of intense activity interspersed with low intensity bouts (10, 12, 17, 117). There are 
several techniques that are available to assess PA in youth but activity monitors (defined as 
objective measures) and self-report (defined as subjective measures), are the most commonly 
used (38, 41, 69, 116, 131).  
There are a number of activity monitoring devices available for assessing physical 
activity behavior but the most common method involves the use of small accelerometers. 
Accelerometers can use either one, two or three axes to determine activity counts. This outcome  
is considered to be dimensionless (153), but researchers have developed  prediction equations to 
convert activity counts to units of energy expenditure. Results from these different calibration 
equations suggest that error associated with Actigraph models (the most commonly used 
monitors) can range from 7% to 38% of either total or activity energy expenditure in youth (46, 
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49, 85, 105, 124, 144, 151). This variability has led to some debates in the field on which 
cutpoint is more appropriate, however there is evidence suggesting that the Freedson cutpoint 
provides  more accurate classifications of PA (87, 147). DeVries et al (2009) wrote an excellent 
review on the validity and reproducibility of motion sensors in youth and found that the 
accelerometers in general, and the GT1M in particular, have shown good reproducibility and 
validity properties (41).  
Despite the wide adoption of the Actigraph in field-based research, this monitor uses a 
single accelerometry-based sensor and therefore presents some clear limitations. There are now a 
variety of multi-sensor technologies that have been developed to improve the accuracy of 
physical activity assessment techniques.  
The SenseWear Armband (SWA) (BodyMedia, Inc., Pittsburgh, PA) monitor is one of 
the more promising new technologies. The SWA (worn on the upper arm) uses a combination of 
different sensors, including skin galvanic response, heat flux, skin temperature, near-body 
temperature, and a tri-axial accelerometer to estimate free living energy expenditure and physical 
activity (62). When compared with single sensor activity monitors, such as Actigraph models, 
the SWA seems to provide a better overall measure of PA (24, 160).  
The objective nature of monitoring devices such as the Actigraph and the SWA offer 
many advantages for field based research. However, they also have some clear disadvantages. 
The monitors are both expensive (~ $400 each) and can be burdensome for participants to wear. 
They are not practical for large scale studies and also do not provide information about the 
context of physical activity.  
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Self-report tools offer a more cost-effective and feasible alternative to expensive activity 
monitors but more focused research efforts are needed to improve their accuracy and utility. 
(109). There are some specific self-report tools that offer potential for broader use in school-
based programming and research if some of their limitations are addressed.  The Physical 
Activity Questionnaire (PAQ) has shown good psychometric properties and therefore, might be a 
good starting point to determine if new techniques can improve the estimates obtained by this 
tool.  
The Physical Activity Questionnaire is a self-report instrument developed specifically for 
Children (PAQ-C) and later adapted for Adolescents (PAQ-A).  The PAQ-C and PAQ-A are 
self-administered 7-day (previous week) recall questionnaires composed of 9 and 8 items, 
respectively, that assess overall level of MVPA during school time, after-school, evening, week 
and weekend (the PAQ-A is identical to the PAQ-C; however, it only has 8 items since it does 
not include a recess item) (72). The PAQ-C was first developed for a large longitudinal study in 
6-year-old children (8), was designed to be administered during the regular school year, and not 
intended to estimate activity variables or energy expenditure (39). These questionnaires are 
limited in their ability to explain important dimensions of PA such as frequency, time and 
intensity and were developed to provide an overall indicator of PA levels (MVPA).  
Nevertheless, there is evidence supporting the psychometric properties of these instruments (39, 
40, 66, 71, 73, 95) and different review papers have indicated the PAQ as having the better 
validity and reliability indicators when compared with existent self-report measures for youth 
(30, 140). Recently, Biddle and colleagues (2011), in a review of self-report instruments for 
youth, identified the PAQ as being one of the most promising self-report tools available in the 
field (19). The PAQ has shown great potential to assess PA, however, its scoring system is based 
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on ordinal scales with no true meaning may add limited information when studying PA in the 
context of dose-response (75, 139). One of the possible reasons for such limitation is the inherent 
floor and ceiling effects associated with restricted scales. This limitation poses some concerns 
when assuming linear relationships between outcome (such as the PAQ physical activity score) 
and independent variables (163). Continuous scores (e.g., MET.min or minutes in MVPA) offer 
clear advantages in this context since they can add valuable insights about future PA 
recommendations targeting different health outcomes (75, 156).  
The lack of a meaningful outcome measure and possible floor or ceiling effects 
associated with the PAQ limit its utility (19). One possible technique that can be used to 
overcome this limitation is to calibrate the raw outcome measure into a more meaningful unit. 
Calibration allows different scales (e.g., activity monitor estimates of MVPA and PAQ scores) to 
be similar in magnitude and variability, meaning they assume the same unit of measurement (70, 
159). With this approach, raw data from a self-report measure can be calibrated to match output 
from a more objective activity monitoring device. 
One key challenge when calibrating self-report tools is the lack of an error-free criterion 
measure of physical activity. While there are advanced techniques that can minimize the impact 
of this limitation (156, 164) a simple calibration design would most likely improve the utility of 
self-report instruments such as the PAQ. This particular instrument has been widely used in 
research (25, 29, 57, 77, 78, 97, 114, 165) and therefore the proposed calibration work would 
greatly enhance its utility in the field.  
Moreover, the PAQ can be further improved. The PAQ is limited to three items that ask 
activity at school and another three that ask activity out-of-school. The remaining PAQ items are 
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broad and ask about activity in the last seven days. The inclusion of items that assess 
transportation to and from school, and activity before school, as well as separate items for both 
Saturday and Sunday periods, would lead to a more comprehensive understanding of activity 
patterns in youth. These time periods are important settings and therefore some activity is likely 
to occur. Further, sedentary time has also been a focus of researchers in the field (18, 121, 142) 
and there is evidence suggesting a link between sedentary behaviors and chronic diseases (16, 
100). The inclusion of items that ask about this type of behaviors would also add value to the 
PAQ.  
The Youth Activity Profile (YAP) is a self-report instrument designed to capture physical 
activity and sedentary behavior in youth that was based conceptually on the time based structure 
in the established Physical Activity Questionnaire. The YAP was developed to overcome 
limitations encountered in the PAQ and therefore add value to school-based assessments. 
The YAP was designed to be a self-administered 7-day (previous week) recall 
questionnaire suitable for use in children grades 4-12. The structure for some items maintains the 
conceptual flavor of the PAQ but the individual items were changed to improve calibration. 
Additional items were added and a whole category of sedentary time was developed. The YAP 
includes a total of 15 items divided into three sections: Activity At School, 2) Activity Out-of-
School, and 3) Sedentary Habits. Items in the At School section capture participation in MVPA 
during 5 specific windows of the day (transportation to and from school, as well as activity 
during physical education, lunch, and recess). Items in the Out-of-School section include activity 
before school, activity right after-school, activity during the evening, and activity in each 
weekend day (Saturday and Sunday). Sedentary items, ask about time spent watching TV, 
playing videogames, using the computer, using a cell phone, and also include an overall 
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sedentary time item (a copy of this instrument is available in Appendix E). There is also an 
online version of the YAP that has been developed to facilitate use in schools (see screen 
captures in Appendix F – Screen Captures of the Online Youth Activity Profile).  
Therefore, the purpose of this dissertation research was to develop and validate 
calibration equations that would improve the utility of the PAQ for future research applications 
and develop and test a new self-report tool that could overcome the limitations associated with 
the PAQ. Two separate studies were conducted as part of the evaluation of the PAQ. Study 1 
(see Chapter 2) and Study 2 (see Chapter 3) evaluated the validity and measurement properties of 
the original version of the PAQ using recommended approaches (1, 7, 138, 139). These studies 
were also aimed to develop and test different calibration approaches  to provide accurate and 
precise estimates of PA (assessed as minutes of moderate to vigorous activity per day). A follow 
up study (Study 3 – see Chapter 4) tested the Youth Activity Profile that was refined based on 
recommendations from the literature and findings from the Study 1 and Study 2. This study was 
conducted on an independent sample and used the SWA to provide a more accurate criterion 
measure of physical activity. It also used a more robust design and sampling procedure. The 
expectation was that lessons learned regarding methodological features in study 1 and study 2 
would help to improve the utility  of developed calibration algorithms for the Youth Activity 
Profile.  
 The combination of the three  studies included in this dissertation provide a 
comprehensive description of the potential and utility of self-report tools. This work culminated 
with the development of the Youth Activity Profile, developed to overcome the limitations of the 
PAQ. The three studies are listed below: 
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1. Validity of a Calibration Equation for Estimating Minutes of Physical Activity from a 
Physical Activity Questionnaire (PAQ). 
2. Calibration of Self-Report Methods against Objective Measures of Physical Activity: a 
new approach using the PAQ 
3. Validation and Calibration of the Youth Activity Profile 
The following sections provide an extensive and comprehensive review of issues 
germane to the dissertation and provide a rationale for the project as well as a justification for the 
proposed designs.  
Activity Monitors 
A.1. Fully Proportional Actigraphy 
The potential of activity monitors to assess PA was first identified by Laporte and 
colleagues in 1979 and then Montoye et al. in 1983. These two studies tested the validity of a 
Large-Scale Integrated Motor Activity Monitor (14 x 8 x 4 cm with 400 grams) (worn at the 
wrist, waist and ankle), first during free-living conditions and against energy expenditure derived 
from diary log (76) and secondly,  during different activities (e.g. walking, running, etc) and 
against indirect calorimetry (94). As time went by, objective assessments of physical activity 
have become more popular, and this has led to the development of many different activity 
monitors to assess PA. Some examples of these monitors are the Caltrac, Tritrac-R3D, RT3, 
Actigraph, Actical, and Actiwatch (27).  
Tyron and Williams (1996) provided a detailed and insightful description of a new, small 
(5.1 x 3.8 x 1.5 cm), lightweight (42.6 grams), fully proportional accelerometer-based activity 
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monitor (153). The focus on such instrument was a response to a previous device (Actillume: 
Ambulatory Monitoring, Ardsley, NY), identified as incapable of providing an indicator of 
activity proportional to the movement intensity (e.g. just like a pedometer that can’t differentiate 
between a step taken during walking and a step taken during running). Further, the instrument 
described by Tyron and Williams was the Computer Science and Applications Model 7164 
(CSA), designed in 1993, and as you will see along this discussion, this monitor became quite 
popular in the field (this monitor is now known as Actigraph and will be described later in this 
section). The CSA can be worn at different places of the body (waist, wrist or ankle) and is 
composed by a cantilevered arm that has attached a 1.5-g mass that represents the sensor. This 
sensor is responsible for generating a proportional charge that is imposed to the cantilever arm 
by the bending moment caused by acceleration on the 1.5-g mass.  This charge is finally 
amplified and filtered by high and low-pass filters, meaning signals outside the range of the 
filters are attenuated (153). The filter minimizes influences from possible artifacts that are 
considered “noise” (e.g. artifacts caused by aging of piezoelements or electronic noise) and 
therefore do not represent true body movement (27).  The final result of this process, are called 
activity counts, and are a numerical representation of the charge (acceleration) imposed to the 
cantilever arm (153). At this point, activity counts are still a crude measure, with no real physical 
or physiological meaning and therefore, not interpretable (27, 153).  To date, there is still no 
standard for the meaning of activity counts across different activity monitors manufacturers. This 
can be easily understood, since activity counts are defined by signal processing features (e.g. 
sensors and amplification factors) that differ across different activity monitors (27).    
The main capabilities of this instrument relate to the assessment of both intensity and 
frequency of movement. Movement intensity relates to the capability of the instrument to capture 
9 
 
different movement accelerations. The CSA responds up to 2.13g between a frequency of 0.1 to 
3.6 Hz. Movement frequency, relates to the capability of the instrument to sample the oscillatory 
movements of the waist, wrists, or ankles. The output of the CSA is sampled 10 times each 
second (10 Hz). In other words, in a 60-seconds epoch (the interval selected to aggregate activity 
counts), the final activity count score, is a result of the sum of 600 measurements. This process 
repeats for each epoch that data is recorded. Based on these characteristics, the minimum 
possible activity count recorded is 0 while the maximum possible counts per epoch depends on 
the movement frequency (this limits of recording capabilities will be further discussed). Activity 
counts are a result of the movement intensity and the filter range. Movements outside of the 
passband window are attenuated (153). Maximum accelerations emitted by people can possibly 
overcome these filters and therefore, not produce a linear and proportional activity score over the 
specified epoch. The CSA 7164 activity monitor, can store up to 22.75 days of data en set to 
collect activity with 1-min epochs and the output can be converted to an excel file for further 
analysis. In this paper, Tryon and Williams, make a remark to issues associated with data 
collection in humans. There are several challenges associated with assessment of activity based 
on the CSA 7164. The use of multiple joints and connecting muscles, add variability among 
people and therefore, constitutes a source of error (153). Some of these issues are discussed in 
the following paragraph.  
The CSA 7164 has been consistently updated and different Actigraph models emerged 
since then. The GT1M, just like the 7164 model, is a uniaxial accelerometer that can capture 
accelerations going from 0.05 to 2.0 g and has a frequency band limit of 0.25-2.5 Hz. The GT1M 
uses a sampling rate of 30 Hz (meaning 30 measurements per second) and has 1 megabyte of 
memory (higher than the 64 kilobytes of memory from the CSA 7164). These two versions differ 
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somehow from each other since their technical properties are different. Mainly, the GT1M 
allows for higher resolution and more data storage than the CSA 7164, has a higher lower-limit 
of frequency band and lower upper-limit of frequency response (36). Despite the similar 
accelerations that both instruments can capture, differences in their technical properties can 
explain the disagreement among the two monitors when quantifying sedentary and light activities 
(113). Corder and colleagues analyzed the output from these two accelerometers in adolescents 
during both free-living activities and using a mechanical setup. They concluded that the 
magnitude of differences between these monitors increases with the intensity of activities 
performed (which somehow contradicts the significant differences found for sedentary and light 
activities). They found that the GT1M output can differ from the CSA 7164 from -36% to +23% 
(36). Nevertheless, there is no compelling evidence supporting one model over another (148) and 
both instruments seem to capture most of human movement spectrum that occurs between 0.3 
and 3.5 Hz, however, depending on the place that activity monitors are worn, they might not be 
able to detect movement acceleration. Movement acceleration varies across the body and 
increase in magnitude from head to the ankle. Accelerations of 4.0g, 5.0g and 8.1-12.0g have 
been found for head, low-back and ankle segments (81). These high accelerations might pose 
some issues when assessing physical activity using activity monitors.  Bouten et al (1997) 
concluded that accurate assessment of daily physical activity in humans requires accelerometers 
that can capture accelerations up to 12.0g overall, and 6.0g when placed at the waist level. In 
addition, frequency response must range from 0-20 Hz (22). However, this was tested in adults 
(which have greater body mass than children) and therefore, these conclusions require further 
investigation in youth.  
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Section Key Points: 
 
 
 
A.2. Calibration of Activity Monitors Output 
As previously mentioned, Montoye et al (1983), were the first to assess the ability of an 
activity monitor to quantify total energy expenditure during structured activities. Results from 21 
adults, indicated that counts from the Large-Scale Integrated Activity Monitor were able to 
explain 62% of the EE variance assessed by indirect calorimetry. In addition, the standard error 
of measurement was equal to 6.63 ml/kg/min. Despite the similar pattern among actual and 
estimated EE, there was a consistent underestimation of the activity monitor EE. Montoye and 
colleagues verified that despite an increase in actual EE associated with grade during walking or 
running on a treadmill, there was not a proportional increase in predicted EE from the activity 
monitor (94). This finding became one of the major reasons why activity monitors tend to 
underestimate energy expenditure. This study set up the evolving research on the calibration of 
activity monitors to assess energy expenditure in humans. Since then, we could identify at least 
11 different calibration studies (see Table 1 for different calibration equations). The last and 
somehow recent calibration study, from Evenson and colleagues (2008), reflects the lack of 
consensus on a standard calibration equation to assess energy expenditure in children.  
Janz (1994) used the CSA model 5032 (Shalimar, FL – a slightly different model than the 
one described above) and was the first to set a cut-point to estimate time spent in vigorous 
 Activity monitors have been used to assess physical activity behaviors since 1979. 
 Different models have been developed since then, in an attempt to capture human 
movement.  
 Accurate assessment of daily physical activity in humans requires accelerometers that 
can capture accelerations up to 12.0g overall, with 6.0g when placed at the waist level 
and frequencies must range from 0-20 Hz. 
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activity by using an arbitrary threshold for activity (≥256 counts per minute or cpm). Children’s 
time spent above this threshold was moderately associated with heart rate telemetry (r
2 
= .41) 
(63). In 1997, Freedson at al. developed a regression equation based on CSA 7164 activity 
counts to estimate activity energy expenditure in 50 children (plus 30 for cross-validation 
procedure) aged 6-17y old during structured activities (walking and jogging at a set speed). The 
calibration equation estimated METs, and resting energy expenditure was estimated using age-
specific prediction equations. Results from the calibration sample indicated that the total 
variance explained was equal to 83% (but reduced to 74% in the validation sample with a 
standard error of estimate (SEE) = 1.29 METS) (52). Later, in 2005, Freedson et al. provided a 
corrected version of the initial calibration equation able to explain 74% of activity metabolic 
equivalents and a SEE of 1.1 METs (51). Detailed procedures and results regarding this 
calibration equation have never been published; however, this calibration equation has been 
widely used in the field. Trost et al. (1998) calibrated CSA 7164 activity counts in 20 children 
aged 10-14y to total energy expenditure measured by indirect calorimetry (in kcal/min). The 
protocol included structured activities (walking and jogging with no changes in treadmill grade). 
The calibration equation included activity counts and body weight, and was able to explain 83% 
of the total variance with a SEE equal to 0.97 kcal/min (or equal to an 18% deviation of the mean 
EE for all activities). The calibration equation was cross-validated with a sample of 10 
participants and results indicated a total explained variance of 86% with a SEE equal to 0.93 
kcal/min (or 15% deviation of the mean EE) (151).  
After these initial studies a series of calibration studies started to include free-living 
activities in order to calibrate the activity monitor to a wider range of typical children activities. 
Eston et al. while testing the validity of heart rate, pedometry and the CSA 7164 activity monitor 
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to assess EE in children, found that this monitor explained 61% of the variability of the total 
energy expenditure (SEE = 15.71 ml/kg/min or 28% of the mean EE) (49). Eston and colleagues 
tested a group of 30 children aged 9y during both structured (walking and running on the 
treadmill) and unstructured activities (playing catch, hopscotch, and sitting and crayoning) (49). 
The calibration equation for the CSA was not intended for future use and therefore did not 
include any anthropometric variable. The lower ability of the CSA (compared with the study 
from Trost) to explain EE might be explained by this reason, since body mass has shown to be an 
important predictor of total EE. In addition, this was the first protocol that included unstructured 
activities which might also explain the lower performance of the CSA to estimate total EE.  
Puyau et al. (2002), calibrated the CSA 7164 to activity energy expenditure in a room 
calorimetry (AEE – using actual resting metabolic rate) in a sample of 26 children aged 6-16y 
during treadmill walking, treadmill running, and free-living activities (such as playing computer 
games, playing with toys, aerobics, skipping, jumping rope, and soccer). The calibration equation 
explained 75% of the AEE with a SEE equal to 0.02 kcal/kg/min or 35.8% of error (105). The 
authors recognized the challenges associated with measuring AEE during free-living activities, 
and that might explain the substantial error differences found with previous calibration studies. 
Treuth et al. (2004) also developed a calibration equation based on 74 girls aged 13-14y during 
walk, run and free living activities such as computer games, household chores, aerobics, shooting 
baskets, etc.). The regression equation was developed to estimate equivalent activity METs 
(based on true resting metabolic rate measurements) from MTI 7164 (former CSA 7164) 30 
second activity counts. The resultant equation explained 84% of activity METs with a SEE equal 
to 1.36 METs or 30% error (144). The calibration equation from Treuth et al. illustrated once 
again the challenges inherent to EE estimation using activity monitors (based on the large SEE). 
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In addition, the sample was restricted to girls which limits the application of the findings and 
therefore would require the development of another calibration equation to be used in boys. 
However, this was the first study to calibrate an equation using 30 second epochs, which is a 
better representation of children's activity patterns in free-living settings.  Schmitz et al. found 
that the relation between activity counts and energy expenditure tends to plateau at higher 
intensities, leading to an overestimation of EE at high intensities and underestimation of EE at 
low intensities (51, 124). Therefore, this group performed further calibration analysis on the 
same sample (same protocol) of participants involved in the Treuth et al. study. This research 
group developed an adjusted equation that could account for changes in the relation between 
activity counts and EE, as opposed to the classical linear approach (124). The developed 
equation had a concordance correlation coefficient equal to 85% with a SEE equal to 5.61 kJ.min 
or 28% error (124). Despite the new approach, the improvement associated with the calibration 
equation was still minimal (2% improvement on the error estimate). Mattocks et al. (2007) 
calibrated Actigraph 7164 activity counts against indirect calorimetry in a sample of 163 children 
with a mean age of 12.4y. The protocol involved different free-living activities and included 
lying, sitting, slow walk, brisk walk, jogging and hopscotch. The prediction equation accounted 
for 67.3% of the variance (85). Finally, Evenson et al (2008) calibrated activity counts from 
Actigraph 7164 against indirect calorimetry in a sample of 33 children aged 5-8y. Activities 
included, watch a DVD, coloring books, slow treadmill walk, stair climbing, dribble basketball, 
brisk treadmill walk, bicycling, jumping jacks, and treadmill running. Maximal oxygen 
consumption was estimated based on a submaximal test in order to estimate relative intensity of 
each activity performed.  Evenson et al. used receiver operator characteristic (ROC) curves to 
identify activity intensity thresholds (sedentary, moderate and vigorous). The area under the 
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curve was maximized to obtain a good balance between sensitivity and specificity (50). This 
approach has been recommended to define activity intensity thresholds (61, 159).   
Table 1. Calibration equations to predict PA/EE in youth. 
      Author   Equation 
Freedson et al. (2005) 
METs= 2.757 + (0.0015 x cts/min) - (0.008957 x age) 
- (0.000038 x cts/min x age)   
            
Trost et al. (1998) 
 
TEE (kcal/min)= -2.23 + (0.0008 x cts/min) + (0.08 
x body mass in kg) 
  
            Eston et al. (1998) 
 
VO2 (ml/kg/min) = 36.917 + (0.004 x cts/min) 
    
            
Puyau et al. (2002) 
 
AEE (kcal/min) = 0.0183 + (0.0000010 x 
cts/min) 
    
            Treuth et al. (2003) 
 
METs = 2.01 + (0.00171 x cts/30 sec) 
     
            Schmitz et al. (2005) 
 
EE (kJ/min) = 7.6628 + (0.1462 x ((cts/min-3000)/100)) 
+ (0.2371 x body mass in kg) – (0.00216 x ((cts/min - 
3000)/100))
2
 + ((0.004077 ((cts/min - 3000)/100)) x body 
mass in kg) 
   
            
            
Mattocks et al. (2007) 
EE (kJ/kg) = -0.933 + (0.000098 x cts/min) + (0.09 
x age) - (0.04 x gender)  
  
            
Ekelund et al. (2001)   
TEE (kcal/day) = (-gender x 380.9) + (cts/min x 1.177) +
(body mass in kg x 21.1) + 706 
 
From these several calibration equations, researchers have used a traditional definition of 
light (1.5-3 METS), moderate (3-6 METs) and vigorous activity (>6 METs) values to identify 
how children allocate their time into different activity intensities. The cutpoint for moderate 
intensity has received particular attention in the field, and there is now some consensus that 
moderate activity in children and adolescents is best characterized by a relative intensity of 4 
METs (102, 110, 111, 120). From the previous discussion on equation calibration, it was found 
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that there are several equations available to convert activity counts to energy expenditure units 
and then to equivalent METs. Several of the more recent studies have developed cut-points for 
physical activity using ROC. This technique is commonly used in clinical research and is used to 
identify thresholds or identify people above or below that threshold. The challenge with this 
approach is to accurately discriminate people above and below this threshold. When establishing 
activity cutpoints, this method can be quite useful since it can be used to calibrate activity 
cutpoints to the actual activity intensity being performed. Based on the actual activity intensity, a 
decision boundary determines the best threshold for activity counts that can differentiate between 
different activity intensities. This method is based on the ratio between an index of sensitivity (1-
false negative) and specificity (1- false positives). The optimal result would be an estimated 
activity count cutpoint that maximizes sensitivity while minimizing false-positive classifications 
(61, 159). A more detailed explanation on the application of this method to activity monitor 
calibration is available in the paper from Jago et al (61). 
The disagreement between different cutpoints is well known in the field. Guinhouya et al. 
(REF) found that Trost and Puyau cutpoints yielded disparate estimates when quantifying time 
spent in MVPA. According to Trost cutpoints 100% of children in the study achieved 30 minutes 
of daily MVPA. This value was substantially higher than the 34.8% identified by the Puyau et al 
cutpoint (53). Further, Trost et al (2011) just recently tested the accuracy of different activity cut-
points on the same sample of youth (total sample size = 206, with 5-15y) using ROC. The 
protocol comprised a full range of activities, such as lying down, writing, sweeping, laundry, 
aerobics, basketball, walking, and running. In this study, participants used the GT1M and energy 
expenditure was measured using indirect calorimetry. Trost et al. tested five different cutpoints 
derived from calibration equations described above – Freedson (2005), Puyau (2002), Treuth 
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(2003), Mattocks (2007), and Evenson (2008) (See Figure 1 for respective cutpoints) (147). 
Overall, classification accuracy was higher using the Freedson and Evenson cutpoints. 
Classification accuracy was low for light activity but good for MVPA (area under the curve= 
0.90) (147). The improved ability of Freedson cutpoints (compared to Treuth and Mattocks 
cutpoints) to predict physical activity has been previously illustrated in a study from McClain 
and colleagues (2008). In this former study, Treuth and Mattocks cutpoints underestimated time 
spent in MVPA by 39%-74% (87).  The disagreement between different cutpoints is now well 
known in the field. Guinhouya et al. found that Trost and Puyau cutpoints were in great 
disagreement when quantifying time spent in MVPA. According to Trost cutpoints 100% of 
children in the study achieved 30 minutes of daily MVPA. This value was substantially higher 
than the 34.8% identified by Puyau cutpoint (53).      
 
Figure 1. MVPA cutpoints derived from five different equations using age = 12y.  
 
None of the previous studies truly assessed the ability of Actigraph to estimate children’s 
total energy expenditure for an enough period of time to be representative of habitual PA in free-
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living settings. Double labeled water is considered to be the criterion method to assess energy 
expenditure under such conditions (103). Ekelund conducted an interesting study to investigate 
this issue. In his study, TEE was assessed during 14 days in 26 children (mean age = 9.1y). Basal 
metabolic rate was estimated based on anthropometric and demographic information (46). The 
resultant prediction equation accounted for 60% of the TEE variance (and 45% of AEE) with an 
SEE equal to 150 kcal/day. This SEE represents a relative error of 7%. There were no significant 
differences between actual and estimated TEE, however, limits of agreement were substantially 
wide (-731 to 665 kcal/day), reflecting lack of accuracy at individual level.  There was no 
systematic bias associated with the predicted TEE estimates. Interestingly, a calibration equation 
was also developed under laboratory settings based on the Trost equation (1998). This equation 
significantly underestimated TEE and resulted in a systematic bias suggesting, that laboratory-
based calibrations using few activities might be inappropriate to estimate TEE during free-living 
activities in children (46). This finding in addition to substantial lower error associated with the 
developed equation, requires further attention since TEE estimates might introduce less bias into 
an overall indicator of activity than traditional PA cutpoints calibrated for this population.  See 
Table 2 for overall findings from different calibration equations (the Evenson et al. study is 
included as a note since this group used a distinct calibration method). 
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Evenson et al (2008): used a sample of 33 (5-8y) during FL in the lab; with indirect calorimetry; used ROC to 
identify activity intensity AUCsed= 0.98, AUCmod=0.85, AUCvig= 0.83; SSsed, SPsed= 95%, 93%; SSmod, 
SPmod = 77%, 81%; SSvig, SPvig= 68%, 89%.  
FL – free living; SA – structured activity; HR = heart rate; IC = indirect calorimetry; DLW = double labeled water; 
NA = not applicable or not available; %SEE = standard error of estimate/group mean outcome. 
 
This review shows that calibration equations developed under lab conditions, using 
structured activities tend to provide better prediction models (error = 18%), however, those 
models might lack external validity. Moreover, calibration equations developed under lab 
conditions that include free-living activities can predict EE to some extent, with error ranging 
from 28%-36% in these models. The calibration equation developed during actual free-living 
settings, showed even greater error and less ability to explain children’s EE (60% for TEE and 
45% for AEE), however, this model had the lowest error associated with (7%), with no 
significant differences between true and estimated TEE. This review demonstrates inherent 
challenges associated with the assessment of PA in youth, however, it also supports the validity 
Table 2. Summary of calibration studies in youth. 
       Author   Activities N   Criterion R
2
   %SEE   
Janz et al. (74) 
 
FL 
 
31 (7-15y) 
 
HR 
 
0.41 
 
NA 
 
 Freedson et al. (61) 
 
SA 
 
50 (6-17y) 
 
IC 
 
0.74 
 
NA 
 
            Trost et al. (175) 
 
SA 
 
20 (10-14y) 
 
IC 
 
0.83 
 
18% 
 
            Eston et al. (58) 
 
FL  
 
30 (9y) 
 
IC 
 
0.61 
 
28% 
 
            Puyau et al. (123) 
 
SA + FL  26 (6-16y) 
 
RC 
 
0.75 
 
36% 
 
            Treuth et al. (166) 
 
SA + FL  74 (13-14y) 
 
IC 
 
0.84 
 
30% 
 
            Schmitz et al. (145) 
 
SA + FL 74 (13-14y) 
 
IC 
 
0.85 
 
28% 
 
            Mattocks et al. (99) 
 
FL 
 
163 (12.4y) 
 
IC 
 
0.67 
 
NA 
 
            Ekelund et al. (54)   FL    26 (9.1y)   DLW   0.6   7%   
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of activity monitors and particularly, the Actigraph (both 7164 and GT1M) to quantify PA in this 
population. Activity monitors might face some challenges when estimating AEE at the lower and 
higher end of EE spectrum, therefore, the assessment of PA instead might attenuate that bias 
since it does not require such higher level of accuracy. In addition, there are biomechanical (26, 
123, 137) and physiologic factors (3, 58) that are responsible for the high inter-individual 
variability in EE possibly justifying the lack of accuracy for EE at individual level. Therefore, 
maybe the focus should be on the assessment of PA instead. As previously discussed, there are 
two PA cutpoints that had an excellent balance between sensitivity and specificity of activity 
classification, supporting the use of these instruments when quantifying PA in youth. The study 
from Trost et al (2006) supports the previous findings. He found that the Puyau, Freedson and 
Trost equation could not produce accurate measures of children’s EE, however, all of them had 
an overall good classification accuracy of PA (152). DeVries et al wrote an excellent review on 
the validity and reproducibility of motion sensors in youth. The research group concluded that 
overall the GT1M had good reproducibility and validity properties (41). This review did not 
cover additional issues associated with reliability of these activity monitors however, there is 
some evidence supporting the overall good reliability of Actigraph monitors (23, 41, 91, 161). 
For example, the calibration of activity monitors has shown to be important since this might lead 
to some intra and inter-monitor discrepancies of PA estimations (48, 92, 129). 
 Section Key Points: 
 
 
 
 There are at least eight published calibration equations and five different activity 
cutpoints that have been developed for Actigraph models. 
 The amount of error associated with Actigraph measurements in youth can range 
from 7 to 36%, however, none of the calibration studies used a criterion measure of 
physical activity. 
 The Freedson and Evenson cutpoints seem to provide a more realistic threshold for 
different activity intensities. 
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A.3. Best Practice Recommendations 
Activity monitors can provide detailed resolutions of physical activity. As previously 
mentioned, activity monitors allow for the selection of different time interval windows (e.g. 5 
seconds epochs, 30 seconds epochs). Commonly, researchers in the field use 60 seconds epochs, 
which facilitates comparison among different studies.  However, there several different settings 
that can be used (besides epoch selection) when processing activity monitors data. There are 
several decisions that researchers need to make on how to handle activity monitor counts before 
further statistical analysis. These decisions include: activity cutpoint selection (e.g. Freedson or 
Evenson), number of consecutive zeros to identify nonwear time (e.g. 60 minutes vs. 20 minutes 
of consecutive zeros), minimum wear time to define a valid day (e.g. 60% vs. 80% of total day 
time), spurious data (e.g. ≥20,000 counts vs. ≥16,000 counts), and number of valid days needed 
to characterize habitual PA (e.g. 4 days vs. 7 days). There are many other considerations in 
addition to these, however, these are considered to be crucial.  
The impact of different activity monitor data reduction protocols has been explored in the 
literature. Of particular interest, one study examined the impact of four different data reduction 
protocols (using 30 seconds epochs, and a cutpoint of 1952 for MVPA) on key outcome 
variables (80). Two-hundred and forty-two women used the CSA 7164 during a full week. The 
first data reduction protocol was selected as follows: 60 minutes of consecutive zeros, minimal 
wear requirement of 60% of waking time, ≥20,000 as indicative of spurious data, 4 days of valid 
data to represent habitual PA, and allowing 1 minute of interruption when extracting bouts of 
activity. The following three reduction protocols were more conservative in some indicators (e.g. 
either using 20 minutes of consecutive zeros to identify non-wear time or requiring 80% of a 
minimal wear requirement to be considered a valid day). The authors analyzed both the impact 
22 
 
on sample size and outcome variables, for each of the previous indicators.  The number of 
participants with at least one valid day was similar among the four data reduction protocols and 
there were no significant differences in the frequency of valid days. Inspection of the impact of 
these protocols on outcome variables indicated there were significant differences in wearing 
time, activity counts per minute, average activity per day (in counts/day), average MVPA levels 
(in minutes/day), and average MVPA bouts per day. The number of participants meeting PA 
guidelines was also significantly different among the different data reduction protocols. As 
expected, the more conservative the data reduction protocol is, the lower the number of 
participants with valid data, the lower the number of minutes of inactivity, and the higher the 
number of minutes spent in light and MVPA. The non-wear time variability across different 
protocols was one of the main critical factors that impacted PA outcomes (80). Choi and 
colleagues (2011) just recently developed a non-wear time algorithm to improve the 
classification of non-wearing periods in activity monitor data (31). In addition, there are two 
main critical decisions regarding epoch selection and the conversion of activity counts into 
estimates of PA (or activity cutpoints). The impact of epoch selection on children’s PA estimates 
has been previously referred by Welk et al (2000) that alluded to the fact that the intermittent 
nature of children’s PA requires short epoch selection so that these intermittent bursts of 
vigorous activity can be captured (158). McClain et al (2008) integrated 5 second epochs into 10-
, 15-, 20-, 30-, and 60-sec epochs of 5
th
 graders MVPA and compared the different estimates 
against directly observed MVPA. It was found that the 5-second epoch produced the smallest 
differences with observed MVPA when compared to longer epochs however, all epochs were 
still significantly different than observed MVPA levels. In addition, the decreasing trend in error 
associated with the lower epochs suggested that shorter epochs should be used when quantifying 
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activity in children (87). The non-significant differences in error between different epochs can 
possibly be explained by the setting where activity was assessed. Physical activity was assessed 
during a Physical Education class, where students are engaged in structured activity, and 
therefore, longer continuous bouts of different activity intensities. Activity patterns in this setting 
differ from free-play activity settings, where intermittent activity is more likely to occur and 
therefore, the bias associated with epoch duration is greater. This issue has been investigated by 
a few studies, however, Rowlands et al (115) and Reilly et al (108) found no or small differences 
when comparing different epoch lengths. In the other hand Nilsson et al (2002), found that time 
spent in vigorous activity was reduced when using longer epochs (98). The choice of a cutpoint 
has been previously discussed, however, it is important to note that despite the acceptability of 
Freedson calibration cutpoints, there are some concerns regarding the linear increase in age-
adjusted cutpoints, since at the maximum age of adolescence (17y) the specific cutpoint for this 
age is substantially greater than developed cutpoints for adult age (meaning, there is an 
erroneous increase in PA from age 17 to 18 and above). This can be the result of differences 
between resting metabolic rate among youth and adults (130). In addition, all the cutpoints 
mentioned in this review were developed using the CSA 7164 which has been shown to produce 
different output than more recent models, such as the GT1M. This issue raises the question of the 
accuracy of the cutpoints when using the GT1M, since Corder et al (2007) have shown that 
activity counts, from the original monitor where calibration equations were developed, and the 
GT1M can differ from -23% to +36% (36). If using the GT1M to estimate PA levels, these 
differences between monitors will be enough to misclassify children activities around the 
different intensity thresholds. To date, the amount of error associated with this bias has not been 
investigated.  
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These significant controversies around activity monitor protocols demand that 
researchers clearly identify data reduction procedures when using activity monitor data. 
Particularly important is the impact that the number of days and wear time criteria can have 
when assessing activity differences between populations. Mattocks and colleagues (2008) 
included information about the impact of these criteria in the statistical power of the Avon 
Longitudinal Study (86). Surprisingly, between 2003 and 2004, only 12.5% of the studies using 
activity monitors reported how wearing time was determined, and only 32.8% reported how a 
valid day was defined (and among these 11 different criteria were used) (80). There are many 
papers in the literature that have alluded to this problem, and there have been suggestions and 
recommendations for standards to help facilitate comparisons among studies (33, 47, 80). Some 
examples of excellent detailed procedures used for data reduction protocols include the  National 
Health and Nutritional Examination Survey (NHANES) (145), the International Children’s 
Accelerometry Database (ICAD) (128), the Canadian Health Measures Survey (34), and the 
Energy-project (166).  
In fact, as a result of a scientific meeting on objective monitoring of physical activity in 
2004, five guidelines for best practice in activity monitor use were established: 1) careful 
monitor selection – assess instrument quality and dependability, 2) monitor use protocols – 
suggesting the use of multiple monitors to estimate EE, defining wear days, the activity monitor 
placement should be consistent with original calibration equations, instrument quality control as 
verified by time-to-time recalibrations, ensuring compliance by the use of reminder strategies, 3) 
continue to evolve research on monitor calibration - using individual and group calibration 
equations, determining epoch length, account for non-independent of activity monitor data, 4) 
analysis of accelerometer data - by defining a day, handling incomplete data, creating reporting 
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standards, determining bouts, handling spurious data, and 5) integration with other data sources - 
by simultaneous use of  other techniques such as heart rate telemetry. In addition, it was 
recommend that researchers work together to keep evolving open source data sets, so activity 
monitor data can be standardized in future studies. Finally, the use of more affordable monitors 
for epidemiologic research, favoring feasibility as opposed to internal validity, and the 
development of new technologies (154). Guidelines used in our lab for data reduction protocols 
in youth are available in Table 3. 
Table 3. Data reduction protocol used in the ISU Physical Activity Assessment and Health 
Promotion Laboratory.   
Issue   Criteria   Reference       
  
Wear-Time (per day)   8:00am:9:00pm 
 
Esliger et al. 
(55)     
 
  
Non-Wear Time 
 
90 min
1
 
 
Troiano et al. (168), 
Choi et al. (37)   
Spurious counts 
 
≥ 16,000 
 
Masse et al. 
(94)
 
   
  
Valid day 
 
≥ 80% 
 
Masse et al. 
(94)
 
   
  
Total number of valid week days 
 
3 
 
Trost et al. 
(174) 
   
  
Total number of valid weekend 
days   1 
 
Trost et al. 
(174)         
1allowing for 2 consecutive minutes > 0 of interruption 
ISU = Iowa State University 
      
 
 
Section Key Points: 
 
 
 
 
 The choice of protocol when processing accelerometer data can greatly influence 
activity outcomes, therefore, protocols should be fully described when using these 
instruments. 
 A previous review of accelerometer studies found that only 12.5% of the studies 
reported how wearing time was determined, and only 32.8% reported how a valid day 
was defined (among these 11 different criteria were used). 
 There is evidence suggesting that activity counts can differ between models of 
Actigraph, therefore, established cutpoints might not be accurate since those were 
established with previous versions of Actigraph accelerometers.  
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A.4. New Technologies – the SenseWear Armband 
The previously described findings on activity monitors are specific to this particular type 
of accelerometry-based device. The monitors only measure body acceleration and the underlying 
assumption is that body acceleration is linearly related to energy expenditure. This assumption 
has been proven to be wrong. Take the example of two different activities, walking on a level 
grade and walking at the same speed on an inclined surface. Both activities will have identical 
levels of acceleration but different energy costs.  The same is true for two activities that have 
very dissimilar acceleration values. Take the example of walking at a certain speed and 
vacuuming. These two activities might have similar energy costs but surely they will have 
different acceleration values. Traditional accelerometry-based devices discussed so far are not 
able to distinguish these and therefore, will misclassify a variety of the more complex activities 
that make up our daily routines (104). Researchers have sought to overcome this limitation by 
employing a combination of different sensors to identify activity postures as well as movement 
(11, 118, 167). One example of such accelerometer is the Intelligent Device for Energy 
Expenditure and Activity (IDEEA) (167). Other researchers have examined the utility of single 
axis activity monitors (such as Actigraph 7164) to detect specific patterns on the acceleration 
signals using complex mathematical models such as decision trees, neural networks, and hidden 
Markov models (21, 104).  The discussion on these techniques goes beyond the scope of this 
review, however these concepts have been discussed elsewhere (106, 107, 133). 
Another approach to improve assessment techniques has been to employ combinations of 
different sensors that capture different aspects of the physical activity being performed. Devices 
have been developed that integrate accelerometer data with both heart rate (35, 37, 143) and 
other physiological indicators (4-6, 44). The use of multiple sensors helps to overcome the 
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limitations of individual sensors since the combination of data provides a more complete picture 
of the activity being performed (5). One example of an activity monitor that combines different 
sensors is the SenseWear Armband (SWA). This monitor has been tested in children and offers 
great potential to improve estimates of PA in this population.  
The SWA (BodyMedia, Inc., Pittsburgh, PA) is a wireless activity monitor that is used on 
the upper arm, over the triceps muscle. This monitor uses the combination of different sensors, 
such as skin galvanic response, heat flux, skin temperature, near-body temperature, a tri-axial 
accelerometer, and demographic characteristics (gender, age, height and weight). The addition of 
heat flux in this activity monitor seems to offer potential since heat production is closely related 
to energy expenditure (62).   
Several studies have been conducted to examine the accuracy of the SWA. A study from 
Dorminy et al (2008) tested the SWA in 21 African-American children (10 boys and 11 girls) 
during structured and free-living activities using whole-room calorimetry. Error from SWA for 
total energy expenditure was shown to be 19.7%. This study used the InnerView Research 
Software version 4.1 developed by BodyMedia (44). Another study from Arvidsson and 
colleagues (2007) also examined the accuracy of SWA on 20 children (11-13y; 11 boys and 9 
girls). Children engaged in different structured and free-living activities (e.g. playing basketball, 
walking on a treadmill) in a laboratory setting. The SWA total energy estimates differed from 
indirect calorimetry by over 28% (based on version v5.1 algorithms) (5).  After the study from 
Arvidsson and Dorminy, two more studies tested another set of updated algorithms from 
BodyMedia (v6.0 and v6.1) were conducted. One of these studies also used a traditional 
laboratory validation design with 20 children (11-13y; 14 boys and 6 girls), and found a 
disagreement between the SWA and indirect calorimetry of 18% for total energy expenditure (6). 
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The other study was the first to examine the SWA in free-living settings on a group 20 children 
(14-14y). This study also used an updated algorithm from BodyMedia (v6.1) and found that error 
associated with SWA when compared to double labeled water was equal to 5% (4). Another 
study compared the most up to date algorithm from BodyMedia with an old algorithm (v4.2) on 
21 children (14 boys and 7 girls). This study also used both structured and free-living activities 
in laboratory setting and tested the SWA against indirect calorimetry. Interestingly, total energy 
expenditure disagreement with indirect calorimetry was equal to 35% and 1.6% for the old and 
newer BodyMedia algorithm, respectively (24).   
This group of studies illustrates that the accuracy of the SWA algorithms have been 
improving over time as the pattern recognition methods become more refined. The last study 
from Calabro et al (2009) is a good example of this, as they demonstrated a reduction in error of 
33.9%. Based on these results, the SWA seems to overcome previous limitations with commonly 
used accelerometry-based activity monitors such as the Actigraph. Welk et al (2007) compared 
the SWA (using older algorithms) and the MTI Actigraph activity monitor with the IDEEA.  
This study found that the SWA had better agreement with the IDEEA than the MTI and therefore 
better overall accuracy (160). When compared with single sensor activity monitors, such as 
Actigraph models, the SWA seems to provide a better measure of PA. From the previous 
discussion, we found that error associated with Actigraph calibration equations ranged from 18% 
to 36% with the exception of Ekelund study that found a disagreement of 7% against double 
labeled water.  More work needs to be done to clarify the magnitude of measurement 
improvements of the SWA over the Actigraph, however, there is evidence that the SWA can 
provide more accurate estimations of children’s PA during both structured and free-living 
settings.  While there would be justification to use only the SWA in the present work, the 
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combination of data from the SWA and the Actigraph may provide advantages for the calibration 
process.    
Section Key Points: 
 
 
 
 
A.5. Conclusions 
Activity monitors, and particularly, the Actigraph models covered so far, are considered 
to be objective measures of PA. As with any PA assessment tool, activity monitors have both 
strengths and inherent limitations. However, some of the limitations can be overcome if 
researchers take proper steps when collecting and processing the data (146).  
These instruments have been able to detect differences in activity by both age and gender. 
They have also been shown to be able to detect changes over time for intervention research 
(108). There are several field applications that justify the use of activity monitors (64, 65, 83, 84)  
and to date, they represent the best available method for assessing free living physical activity. 
However, the use of these instruments requires considerable knowledge on its properties and 
appropriate use. In order to increase the accuracy of youth PA, researchers should follow best 
practice recommendations for collecting and processing data from activity monitors. This will 
help to minimize measurement bias and help to facilitate comparisons of data obtained from 
multiple studies.  
 The SWA is an arm-mounted activity monitor that can offer clear advantages over 
previous Actigraph accelerometers. 
 This monitor has a 1.6% error when using the newest algorithm and had more 
accurate estimates of physical activity when compared with the MTI version of the 
Actigraph. 
 Despite the psychometric advantages of the SWA, the Actigraph is still the most widely 
used activity monitor in the field and therefore, researchers should consider the use of 
both monitors when assessing PA in youth. 
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New technology has opened the way to improve the performance of activity monitors to 
estimate TEE and AEE - particularly during sedentary and light activities (28). The SenseWear 
Armband is a pattern-recognition monitor that has shown to be valid when assessing children’s 
EE and therefore, might be used as a criterion method with field applications. Importantly, this 
instrument also can directly determine wear-time and ensure that participants were compliant 
with the overall activity protocol. Lack of compliance can add substantial bias to activity monitor 
estimates so this is an important advantage.   
Self-Report Questionnaires  
 
B.1. Self-Report and Cognitive Processes 
Objective methods such as activity monitors just described above, can provide more 
precise estimates than PA questionnaires, however, their feasibility and utility in large 
epidemiological studies is limited. Physical activity questionnaires are easy to administer and 
inexpensive (109). In addition, questionnaires can provide additional information about 
important dimensions of PA, such as type (e.g. aerobic vs. anaerobic) and/or context of PA (e.g. 
inside vs outside) (30), and therefore they fill an important niche in physical activity research 
(119).  Questionnaires are defined as subjective measures since they rely on the person's ability 
to interpret and recall PA (131). The interpretation and recall of PA are complex processes that 
can lead to inaccurate reports of PA in all populations - but particularly in youth (13). In 
addition, children’s PA patterns have greater variability and therefore can also introduce bias 
when children attempt to recall specific events (69).  
Baranowski and Domel (1994) used children’s self-report of their diet to describe a 
cognitive model with 3 structures: sensory register, short-term memory, and long-term memory.  
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The sensory register is responsible for the initial screening of information available (e.g. sounds). 
These are specific sensory items that capture a person’s attention to the environment or behaviors 
such as physical activity. Short-term memory is where conscious intellectual activity occurs and 
can hold relatively few information. Information from the short-memory can be stored in long-
term memory through a process known as encoding. Stored information is organized in a 
hierarchical manner, as clusters of meaningful information and chronologically arranged. 
Clusters where information is organized include, by location, people, social occasions and these 
types of memories can be labeled as contextual information. In order to obtain information about 
PA these different processes (starting at the sensor register and culminating with information 
storage for retrieval), must work effectively. In other words, if PA does not provide a meaningful 
stimuli to an individual, the behavior will likely not capture the individual’s attention and 
therefore will not be stored for future recall (14, 82).  Further, long-term information can be 
stored as episodic or generic memories. Episodic memories relate to individual and less frequent 
episodes that contain contextual information (e.g. location). Contextual information is extremely 
important when people attempt to recall these episodes since individuals are not able to recall 
exact estimates of activities duration but they can be reproduced based on contextual 
information. Generic memories relate to general events or patterns of events, and are used when 
individual memories or episodic memories are not available. Short-term or specific PA recall 
questionnaires (e.g. previous day, previous week, number of exercise bouts) are examples of 
instruments that refer to episodic memories. General questions regarding PA habits (e.g. 
reporting the frequency of jogging during last summer) are examples of items that refer to 
generic episodes. Most of the available questionnaires use the former type of episodes which 
might explain the challenges associated with the reproducibility of light- to moderate PA (82). 
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After information is stored, the information must be retrieved. Willis et al (162) proposed 
the Flexible Processing Model which has four stages that people go through when answering a 
question: question comprehension, decision/judgment, retrieval from memory, and response 
generation. We will describe this model using Matthews (82) interpretation and contextualization 
into PA assessment. In the first stage, the person tries to understand what was asked - based on 
his/her own interpretation. When assessing PA, there is some key information that needs to be 
selected, such as time frame of the question, or the definition of activity. An inappropriate 
interpretation of the question will affect the following the phases of information retrieval. In the 
second phase, decisions and judgments are made about the information. In this phase, the 
respondent may ask for further clarification about specific parts of the question. If the respondent 
doesn’t need clarification then he will most likely decide whether to use past memories and try to 
recall a specific episode (using episodic memory) or rely on generic memories for estimation. In 
the retrieval stage, the respondent reconstructs his memories by a constant use of contextual 
information and interpretation of information retrieved. Lastly, in the response generation stage, 
the respondent adjusts his answer to the question being posed, according to his own 
interpretation of what was asked (82). The discussion above illustrates how the wording and 
phrasing of activity questions may elicit different types of responses. Questions that ask for 
specific elements, such as duration or time of activity on a previous day, will most likely be 
answered using episodic memories and have less error. However, a single day may not provide 
representative data about the person's activity level. On the other hand, questions that ask about 
activity patterns over longer periods of time are difficulty to process and would likely force 
respondents to rely more on generic memories. One technique that can help improve the quality 
of information provided is to use contextual cues. In addition, the use of cognitive interviews has 
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potential to assess people judgments of questions posed and therefore, adjustment or formulation 
of the questions (82). The cognitive processes associated with surveys represent an evolving field 
of research (125) and can provide valuable applications to the assessment of PA in youth. 
Section Key Points: 
 
 
 
B.2. Self-Report Instruments and Overview of the PAQ  
There many questionnaires available in the literature that have been used to describe PA 
in youth. Questionnaires can be divided into mode of administration: self-administered or 
interview (less complex, maximizes comprehension). Further, there are four major categories of 
self-report assessments: records or logs, recall questionnaire, quantitative history and global self-
report. For the purpose of this review we will focus on recall questionnaires (since that is what 
best describes the PAQ). These are simple instruments that tend to be short in length and attempt 
to assess PA in the past day, week or month (82). In addition, we will also focus on validity 
coefficients obtained from comparisons with objective measures (e.g. activity monitors) tested in 
schoolchildren to provide more relevant information for the present study. The review will 
conclude with direct comparisons of the validity of the PAQ relative to other self-report tools. 
This section provides a justification for the selection of the PAQ as an appropriate measurement 
tool suitable for calibration. 
 The feasibility and utility of accelerometers in large epidemiological studies is limited 
therefore, physical activity questionnaires are considered to be a good alternative to 
these instruments. 
 There are several cognitive processes involved when recalling past behaviors. 
 Self-report instruments should focus on items that require the use of episodic 
memories, asking for example about the duration or time of activity on the previous 
day. 
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Kowalski et al (73) and Crocker et al (39), developed the Physical Activity Questionnaire 
for Older Children (PAQ-C) while Kowalski et al (71), developed the Physical Activity 
Questionnaire for Adolescents (PAQ-A). These two instruments were developed for 
epidemiological research and are based on Sallis and Baranowski's suggestions for recall 
instruments (13, 39, 119).  
The PAQ-C and PAQ-A are self-administered 7-day (previous week) recall 
questionnaires that assess overall level of MVPA. The PAQ-C was first developed for a large 
longitudinal study in 6-year-old children (8), was designed to be administered during regular 
school year, and not intended to estimate energy expenditure (39). These questionnaires are 
limited in their ability to explain important dimensions of PA such as frequency, time and 
intensity. They were developed to provide an overall indicator of PA levels (MVPA). In 
addition, they cannot discriminate between different activity intensities (e.g. moderate from 
vigorous activity), and therefore, the overall final score obtained in the questionnaire doesn’t 
have a specific meaning - other than the fact that a higher score represents more PA and a lower 
score represents less PA. Further, these questionnaires are only to be used during school year, 
since questions ask about specific periods of the week, such as activity during physical education 
or lunch time. This means that activity during other seasons of the year cannot be estimated (72). 
On the other hand, these questionnaires have potential in the field since they can estimate levels 
of PA across childhood and adolescence and therefore can be used for longitudinal research. As 
already mentioned, the PAQs were developed based on published recommendations for self-
report instruments, and use appropriate memory cues (e.g. lunch and evening items) to enhance 
children’s ability to recall activity. These questionnaires are also cost and time efficient (≤20 
minutes), and easy to administer. Further, the general assessment of PA can be considered to be a 
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strength of these questionnaires since it recognizes the inherent limitation of trying to obtain 
precise data from short term recalls (72). To date, there are several studies that have evaluated 
the psychometric properties of the PAQs, and those will be described separately, for the PAQ-C 
and PAQ-A, in the next section.    
Section Key Points: 
 
 
 
 
B.3. Psychometric Properties of the PAQ 
The PAQ-C was developed for students age 8 through 14 years (grades 4-8) and includes 
9 activity items plus 2 non-scoring items. The first item is an activity checklist that includes 
several common sports, leisure activities and games (39). The authors stated that the main 
purpose of this item is to act as a memory cue which might suggest that was not developed to 
precisely get an indicator activity.  The following six questions assess activity during specific 
periods of the day, and include physical education class, recess, lunch, right after-school, evening 
and weekend. There are two other questions that assess overall week activity levels and the last 
question asks the student if the previous week represented a typical week (this question and the 
last item of the questionnaire are not included in the summary score) (39, 72). The original PAQ-
C is available in the Appendix section B of this review. Each question is scored using a scale that 
ranges from 1-5, with a high score meaning high activity and vice-versa. Possible answers to 
 There are four major categories of self-report assessments: records or logs, recall 
questionnaire, quantitative history and global self-report.  
 The PAQ-C and PAQ-A are self-administered 7-day (previous week) recall 
questionnaires that assess overall level of MVPA.  
 The PAQs cannot discriminate between different activity intensities (e.g. moderate 
from vigorous activity), and therefore, the overall final score obtained in the 
questionnaire doesn’t have a specific meaning.  
  
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each item start from the lowest activity and progresses to the highest possible activity response. 
The average of the 9 activity items is averaged to create the final PAQ summary score (note that 
Item 1 includes different activities therefore, needs to be average before being added to the final 
summary score (72).  
Crocker et al (1997) conducted three studies to examine the psychometric properties of 
the PAQ-C. In the first study, they examined overall item and scale properties using the four 
different criteria: 1) item means should be close to the center of a range of possible scores, 2) 
Each item should have high variance to allow for discrimination among subjects, 3) items should 
be intercorrelated with the composite scores of the remaining items (corrected item-total 
correlations) and 4) the scale should have good internal consistency (39). These guidelines go 
along with Clark suggestions and insights about how to improve construct validity of scales (32).  
In study 1, the sample consisted of 215 children age 9-15y (125 boys and 90 girls). The PAQ-C 
was administered during class time. Mean PAQ-C summary score for boys was equal to 
3.44±0.68 and for girls was 2.96 ± 0.69 (p < .01). Boys had significantly higher scores in all 
items with the exception of physical education item. There were three items which scores 
deviated from the expected good distribution around the center of possible answers. Those 
included the checklist item – item1; item regarding physical education activity and item 
regarding lunch activity). Corrected item-scale correlations revealed that all items had 
correlations greater than .30 and higher as .71. Overall, the corrected item-scale correlations 
were higher for girls. The recess item had the lowest correlation (r = .42) while week summary 
item had the highest (r = .71). These range of correlations support adequate scale reliability 
(since each item provides enough and distinct contribution to the total PAQ score). In addition, 
the coefficient alpha was equal to .83 with similar results for boys and girls. The combination of 
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moderate item-total score correlations and high Cronbach alpha are indicative of appropriate 
reliability (68), however, does not imply that the scale has appropriate validity. High internal 
consistency can lead to redundancy among items and therefore, makes the questionnaire too 
narrow when such constructs has PA might actually be broader. Therefore internal consistency 
must be carefully analyzed (134, 135). Nevertheless, these results support the unidimensionality 
of the PAQ-C. Study 2 assessed stability of the PAQ-C within the same season with two 
assessments interspersed by one week. Internal consistency was again evaluated. The PAQ-C 
was given to 43 boys and 41 girls (age 9-14y) during normal school year. Internal consistency 
was equal to .79 in the first assessment and .89 in the second week. The lower internal 
consistency in the first week can be explained by lower correlations verified for recess and lunch. 
Both had low item-scale correlations (r = .22) (39). This might suggest that these periods have a 
small contribution to total activity levels, however, their contribution for total activity score 
might still be relevant. Intraclass reliability was equal to .75 in boys and .82 in females (39), 
demonstrating acceptable test-retest reliability (60). Assuming the PAQ-C is assessing PA during 
the previous week, and that week does represent a traditional week (as assessed by item 10), this 
indicator becomes critical. Study 3, examined the reliability of yearly PA measured by the PAQ-
C. The PAQ-C was administered three times during the school year and an average of that score 
was created. This time both younger and older students (98 boys and 102 girls) were included in 
the study (age ranged from 8-16y). High school students fill in a slightly different version of the 
PAQ-C, that had one less item (recess item was removed) and the activity checklist was adapted 
for this age group (this version became the PAQ-A). The internal consistency (assessed by 
Cronbach alpha) of both PAQ versions was greater than .8, supporting appropriate reliability. 
Further, the authors used the generalizability theory to estimate the sources of variance and 
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determine if 2 or 3 measurements during the year would represent overall PAQ scores. This 
resulted in a generalizability coefficient of 0.88 with corresponds to an index of reliability equal 
to 0.94. Generalization of activity across two scores instead of three, resulted in a similar G 
coefficient (G=0.83) which supports the idea that overall yearly PA assessed with PAQ will 
produce similar scores with two PAQ measurements. More important, the authors found that 
there were significant changes in PA among seasons. Children were more active during the April 
when compared to October or January. This month is actually characterized by warmer 
temperatures and longer day duration. In addition, boys were more active than girls and there 
were no significant differences between age groups (39). These three studies provided some 
good insight about some of the psychometric properties of the PAQ-C and to some extent the 
PAQ-A. Kowalski et al (1997) examined the validity of the PAQ-C based on two independent 
studies.  In the first study, the authors examined the convergent, construct and divergent validity 
of the PAQ-C in a sample of 38 boys and 51 girls aged 8-13y. In addition to the PAQ-C, 
participants filled a behavioral conduct scale, an athletic competence scale, an activity rating 
scale, and a moderate to vigorous physical activity checklist (MVPA). Classroom teachers 
completed the teacher’s rating of physical activity questionnaire. The time periods assessed by 
the PAQ-C and the MVPA did not match in order to avoid carry-over effects. Zero-order 
correlations between PAQ-C and other measures ranged from .16 (behavioral conduct) to .63 
(activity rating). PAQ-C was moderately correlated with all the measures with the exception of 
behavioral conduct measure. This supports the divergent validity since these two measures were 
not expected to relate to each other. There were significant gender differences with the PAQ-C 
and the teacher’s rating scale but not for the other measures of activity (73). There has been 
another studies that found significant associations between PAQ-C and physical self-perceptions, 
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reinforcing the convergent validity of the PAQ-C (40, 99). The second study examined the 
relation between the PAQ-C and a children’s test of aerobic fitness (using the step test from the 
Canadian Home Fitness Test), an activity rating, the Leisure Time Exercise Questionnaire, a 7-
day recall interview and the Caltrac activity monitor. The sample comprised a total of 97 
children (41v boys and 56 girls) from 9-14y. Physical activity from the PAQ-C, and the 7-day 
interview and the Caltrac were collected from different time periods and therefore didn’t match.  
The PAQ-C was completed in the same day as the activity rating and the Leisure Time Exercise 
Questionnaire. The PAQ-C was moderately related with activity rating scores (r = .57) Leisure 
Time Questionnaire (r=0.41), Caltrac (r = .39) and 7-day physical activity recall (r = .46). 
Aerobic fitness was poorly correlated with PAQ-C estimates (r = .28) which supports existent 
literature concerning the poor/moderate relation between PA and aerobic fitness in youth (42, 73, 
96). The previous studies were conducted in a sample of Canadian children and therefore, 
another study from Moore et al (2007) tested the validity of PAQ-C in a sample of African-
American, European-American, and Hispanic children (95). Moore and colleagues conducted 
two studies, in the first study performed exploratory factor analysis in PAQ-C scores from 991 
students average age equal to 10.7y. Most of the sample was Hispanic (81%). In addition to the 
PAQ-C, participants also completed a cardiovascular fitness test using a modified version of the 
Harvard Step test. Percent body fat and fasting glucose scores were also collected. The results 
generated a two-factor solution, after excluding the lunch item (was removed since schools did 
not allow PA during this time). The first factor (eigenvalue = 3.34) included six items, with 
factor loadings ranging from 0.51 to 0.74 and the second factor (eigenvalue = 1.19), included 
two items – physical activity during recess and physical activity during physical education (with 
factor loadings equal to 0.47 and 0.48 respectively). The two-factor model was further tested in 
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an independent sample and had an acceptable fit (x
2
 = 246.11; RMSEA < .01; CFI = 1.00; NFI = 
1.00). PAQ scores were significantly correlated with percent body fat (r = -.10) but there was no 
relation with cardiovascular fitness, fasting glucose levels, or body mass index. In the second 
study, the two-factor model was further tested in a sample of 414 children (mean age = 8.7y), 
and the sample was made by 65% of African Americans and 35% European Americans (213 
boys and 201 girls). Participants completed the PAQ-C and in addition, the Physical Activity 
Enjoyment Scale (PACES), the Self-Perception Profile for Children (SPPC), and the Task and 
Ego Orientation in Sport Questionnaire (TEOSQ). In addition, cardiovascular fitness was 
measured with the YMCA step test, and systolic and diastolic blood pressure information was 
also collected. Internal consistency using the Cronbach alpha was equal to .75 for European 
American children and equal to .56 for African American. The PAQ-C score was significantly 
correlated with systolic blood pressure (r = -.17), cardiovascular fitness (r=0.30), body mass 
index (-0.16), and athletic competence (r = .14). The two-factor model showed an acceptable fit 
for the data (x
2
 = 65.71; RMSEA = 0.05; CFI = 0.98; NFI = 0.96). These studies revealed 
interesting findings, particularly the two-factor structure of PAQ-C items. The authors concluded 
that factor 2 relates to activity inside the school, as items in the first factor relate to activity 
outside the school (95). A closer look at these two factors can also reveal that items in factor 1 
and items in factor 2 may relate to different dimensions of PA - frequency and volume of PA, 
respectively. 
The PAQ-A is modified version of the PAQ-C and is intended for children aged 14-19 
years (grades 9-12) and has 8 scoring items (recess item is removed from this version since at 
this ages, students usually do not have recess in school). The PAQ-A is also available in the 
Appendix section C. There have been fewer studies that tested the psychometric properties of 
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this version of the PAQ.  Similarly to a study in children, that was previously described, 
Kowalski et al (1997) examined the convergent validity in a sample of 85 high-school students 
(41 boys and 44 girls) with a 7-day activity recall interview, an activity rating measure, the 
Leisure Time Exercise Questionnaire and the Caltrac Motion sensor (71). The protocol was 
similar to what has been described in the study from Crocker et al (1997), and similarly, the 
PAQ-A did not match the time period of the activity recall interview or the week were student 
worn the Caltrac. Interestingly, the PAQ-A was significantly correlated with all the activity 
measures (correlations ranged from .57 to .73), and were stronger than what was previously 
described in younger children. Interestingly, the Caltrac monitor (that had a correlation equal to 
.33 with the PAQ-A) was not significantly associated with other measures of activity. The 
authors conclude that there are some challenges inherent to activity monitor use in adolescents 
(particularly for longer periods such as 1 week), since only half of the sample had valid data for 
this activity indicator. There were significant gender differences with the PAQ-A but not with 
other measures of PA (71).  
The studies above provide good support for the validity of the PAQs however, studies 
assessing concurrent validity did not match objective physical activity measures with the PAQs, 
or did not use age-adjusted cutpoints to assess activity monitor estimates of PA. A study from 
Janz et al (2008) further provided a comprehensive assessment of the psychometric properties of 
the PAQs. This was the only study, that longitudinally examined internal consistency and 
stability in the same sample of children and adolescents (n = 210 with 104 boys and 106 girls, at 
age 11 and 13), and validity in a subset of early adolescents (n = 49 with 28 boys and 21 girls, at 
age of 13) using different indicators of objective physical activity (total PA and percent time in 
MVPA using Actigraph 7164) (66).  They found that Cronbach’s alpha ranged from .72 to .88 or 
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the PAQs, suggesting good internal consistency, supporting that the PAQs can be used for 
longitudinal analyses of youth PA. Moreover, the PAQ-A was consistently more reliable than the 
PAQ-C.  This can be explained by improved reasoning skills of older children. Physical activity 
scores at age of 11 and at age of 13 were moderately correlated (r = .30), which can reflect 
measurement error or instability of PA behavior across time (66). Interestingly, Thompson and 
colleagues (2003) found significant decreases in PA assessed with PAQs from ages 10-16 (141). 
Further, contrary to the study from Moore et al, and Janz and colleagues only found one factor 
with and eigenvalue greater than 1, but similarly, the lunch item (r = .17) did not load on the 
factor. Validity coefficients were higher than what was previously found in other studies, and 
equal to .49 (with MVPA). After refinement of the PAQ (removal of physical education and 
lunch questions since were not related to total score), the association between MVPA and PAQ-
A summary increased to .63. Associations were slightly higher when using total PA (in counts 
per minute). Matched time segments from both PAQ-A were moderately associated with 
correlations ranging from .45 (Morning) to .62 (Weekend). This study provided a comprehensive 
examination of the PAQs properties however, the validity of the PAQ-C was not examined. 
Therefore, the limitation of previous validation studies that had non-matching time periods of the 
PAQ-C with objective measure of PA still holds. In addition, activity monitor PA data was 
collected with 1-minute epochs, which has shown to introduce bias to children’s PA estimates. 
This study was part of a larger longitudinal research study that has revealed associations between 
PAQs with bone mineral content (BMC) and adiposity (67). The association between BMC and 
PAQ-C supports previous findings (9), and therefore reinforces the convergent validity of this 
instrument (see overall evidence for PAQs in Table 4). 
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Table 4. Summary of the Psychometric properties of the PAQs. 
Psychometric Property   PAQ-C         PAQ-A   
Internal Consistency (alpha) 
 
.72 to .89 
   
.77 to .84 
           Item - scale correlations 
 
 -.02 to .80 
   
.04 to .84 
           
Unidimensionality 
  
Yes (1 factor); No (2 
factors) 
  
Yes (1 factor) 
           Test_Retest (ICC) 
  
.75 to .82 
     
           
Convergent validity 
  
TAR, MVPAc, ARS, 
LTEQ, AM, 7DPAR 
 
LTEQ, AM,
7DPAR, AR 
           Construct validity 
  
PSP, AC, SBP, BMI, 
BMC    
       
Divergent validity 
  
CVF, 
BC 
      
           Responsiveness
1
     Gender, Season, Age     Gender, Age 
TAR = Teaching Activity Rating Scale; PSP = Physical Self-Perceptions; AC = Athletic Competence; MVPAc = 
MVPA checklist; ARS = Activity Rating Scale; LTEQ = Leisure Time and Exercise Questionnaire; AM = Activity 
Monitor; 7DPAR = 7-Day PA recall; SBP = Systolic Blood Pressure; BMI = Body Mass Index; BMC = Bone 
Mineral Content; CVF = Cardiovascular Fitness, BC = Behavior Conduct 
1 significant difference  
 
Section Key Points: 
 
 
 
 
 There is evidence supporting the validity and reliability of the PAQs. 
 The most comprehensive study regarding the psychometric properties of the PAQs 
revealed that time matched segments from PAQ and accelerometer data were 
moderately correlated.   
 The previous study did not include children on the validation component and used 1-
min epochs to process accelerometer data. Such procedure can be considered 
inappropriate when assessing activity in youth. 
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B.4. Comparison of the PAQ to other Self-Report Instruments 
There is evidence supporting the potential of PAQs when compared to other 
questionnaires. This evidence will be summarized in this section. Studies with available Pearson 
correlations with an objective validation tool were included in this review. While this might not 
be the best measure of agreement, it’s still the most common indicator across studies and 
therefore provides some basis for comparison (the complete name of the following 
questionnaires is available in the Appendix). Sallis (1991) provided a review of 18 self-reports 
with reliability and validity information. These questionnaires assessed information on mode, 
frequency, intensity or/and duration of PA. Recall time period ranged from 1 day to 3 months 
with outcome PA measures such as energy expenditure (kcals), minutes at specific activity 
intensities (e.g. minutes in moderate activity), or frequency of aerobic exercise. Time to fill in 
the questionnaires ranged from 1 to 20 minutes, with most of the self-report requiring equal or 
less than 10 minutes.  
In this review, the authors found an inverse relation between validity and feasibility of 
self-report measures, meaning diaries had higher validity coefficients, but in the other hand these 
instruments can place a higher burden on participants when compared with other self-report 
measures. Sallis also found that age was an important factor in activity recall, and suggested that 
children younger than 10 years old should not be able to provide good recalled PA information. 
Only one study assessed the validity of a self-report against an activity monitor (r = .42) (119). 
Kohl et al (2001) provided a review on activity assessment tools and included 37 studies with 
validity or reliability information. Correlations with activity monitors were low to moderate, and 
the instruments with higher correlations were the designs were children were restricted to certain 
environment. Additionally, there were still a lot of questionnaires attempting to estimate EE 
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(energy expenditure), which might be considered a poor choice since EE varies considerably 
from child to child (69) and in addition, these estimates are usually based on adult standard 
energy costs of specific activities (38). There is some evidence suggesting that children METs at 
those specific activities might differ from adults (55, 132). Moreover, resting energy expenditure 
(kcal/kg body weight) is also higher in children (38). Further, Kohl et al concluded with some 
general recommendations, suggesting that self-reports should be validated against activity 
monitors, by their feasibility, and in addition, self-report tools should not be used in children 
younger than 10 years old (69).  Sirard & Pate described the psychometric properties of 10 
questionnaires. Many of the studies overlapped with the previous review, however, correlations 
were equal to .59 in a study from Trost et al (1999), and .51 in a study from McMurray et al 
(1998) (131). A more recent review from Tessier et al (2007), identified 30 questionnaires and 
concluded that the PAQ-A, the PDPAR and the Modified Activity Questionnaire for Adolescents 
had the best indicators of validity with coefficients greater than .60 (140). A very recent review 
of questionnaires for youth and perhaps the most comprehensive, was done by Chipanaw and 
colleagues (30). The authors provide and extensive review on 56 self-report instruments, but as 
already mentioned, only the validation studies using activity monitors were included in this 
discussion. The authors found that in most of the studies correlations between self-reports and 
activity monitors were low to moderate, however there were some questionnaires with 
acceptable validity coefficients and therefore should be improved and re-examined (e.g. PAQ, 
GAQ, CLASS, SNAP, PDPAR, SPAC, and others). Overall, the validity coefficients were higher 
in studies with older children.  See Figure 2 for a comparison of validity coefficients from all 
studies included in this discussion (PAQ studies are shown at the right of the plot).   
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Figure 2. Validity coefficients for PA self-report questionnaires in youth. 
 
Section Key Points: 
 
 
 
B.5. Conclusions about Self-Report Instruments and the PAQ 
The utility of self-report instruments to assess PA in youth has been widely tested, which 
supports the importance of these tools. Overall, there is some consensus that youth tend to over-
report their activity levels, possibly due to their intermittent activity patterns (158). This same 
issue has been verified in adults.  The prevalence of active adults depends upon the instrument 
used to assess PA (activity monitor or self-report) (54). Additionally, the prevalence estimates of 
meeting physical activity guidelines in college students also fluctuated between 4%-70% when 
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 Previous studies revealed that correlations with activity monitors were low to 
moderate. 
 A review study identified 30 questionnaires and concluded that the PAQ-A, was one of 
the three self-report instruments that had the best indicators of validity.  
 Another review study also identified the PAQ-A has having the best validity 
coefficients. These coefficients tend to be higher in older children. 
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compared among three different self-report measures (122).  Other factors that can add bias to 
self-reported estimates of youth PA include social desirability (2), understanding of the concept 
of physical activity (149), reproduction of exercise intensity (155). Nevertheless, there are 
different strategies that can be used to attenuate these limitations. For example the use of 
qualitative interview can possibly minimize the reporting of vague indicators of PA (89),  
decomposing the questions to facilitate interpretation (90), or using the cognitive model of 
question-answering process (based on cognitive interview technique) proposed by Durante and 
Ainsworth (1996)  to minimize  problems associated with cognitive processes (45).   
The wide range of validity coefficients found in the review studies discussed above 
reveal the inconsistency across self-reports and how the wise choice of a self-report instrument is 
crucial. Nevertheless, this range of correlations represents only a crude indicator of the 
agreement between self-report and activity monitors and therefore, should be interpreted within 
these conditions. Note that criteria for study inclusion in the reviews above differed. Some of the 
reviews just included studies with both reliability and validity information, while others included 
studies that had just validity or reliability coefficients. Interestingly to note, was that the last 
review mentioned. This review had the more stringent criteria but still had 56 different self-
report instruments. This exponential increase since older reviews describes the increased interest 
in these instruments.  
Among the different self-report questionnaires presented in this section, the PAQs ranked 
high as the most promising self-report tool. This instrument had the highest validity coefficients, 
demonstrated good reliability (however, high reliability coefficients are usually higher among 
self-reports that were discussed here), and importantly, had a very comprehensive examination of 
its psychometric properties. A recent review of 89 self-report instruments from Biddle et al 
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(2011) actually identified the PAQs has being one of the three instruments most suitable for 
surveillance research. The PAQ had the approval of 3 out of 5 international experts in the field 
(most of the instruments were approved by one expert only) (19).  The design of the PAQ 
follows different expert’s recommendations: uses short-term recall periods, uses contextual 
questions, stimulates episodic memories, asks about overall MVPA which is a less frequent 
behavior and therefore might be easier to recall, and uses emotions which can facilitate children 
to identity activities performed. In addition, the PAQ is a short form that can be provide direct 
comparisons among youth of different age groups. The PAQ takes less than 15-20 minutes to be 
completed and therefore, makes this instrument very practical. All this combined might explain 
the better agreement of the PAQ with objective instruments when compared with other self-
report tools.  
Quality Assessment of Physical Activity Questionnaires 
 
Physical activity self-report measures either focus on intensity, frequency, duration and 
total amount of activity performed. The assessment of such dimensions through self-report 
measures can raise several concerns when assessing PA in youth. For example, the assessment of 
intensity is often based on absolute values, where youth typical activities are described and the 
converted to an estimate of energy expenditure or assigned to a MET value that describes the 
intensity of that specific activity. Both these procedures are based on values in the Compendium 
of Activities for this population and therefore do not take into account the child’s level of fitness. 
With frequency of activity (number of times a child engages in a specific activity), the concern is 
related with the ability of the child to differentiate windows of activity, as well as the intermittent 
nature of the activity itself (e.g. structured activities such as soccer practice would be easier to 
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count, however, unstructured play  activities offer clear challenges). Further, the reported 
duration of children’s activities may also need corrections since PA patterns in children are 
characterized by short intermittent bouts across different PA intensities, therefore, children 
would need to be able to accumulate information about these bouts of activity, which according 
to previous research might be problematic. From the previous dimension just discussed 
(duration) and intensity, researchers can compute total energy expenditure (e.g. METs.min) 
(127). These concerns represent inherent limitations associated with these instruments and will 
most likely impact the psychometric properties of self-report tools. Therefore, when considering 
the use of these instruments detailed information on their measurement properties should be 
provided.  
Recently, Terwee and colleagues created a Quality Assessment of Physical Activity 
Questionnaire (QAPAQ) checklist intended to systematically evaluate the qualitative and 
measurement properties of PA questionnaires (139). According to this checklist, questionnaires 
should be examined based on 9 major qualitative properties: construct, setting, recall period, 
purpose, target population, justification, format, interpretability, and ease of use.  Initially, 
researchers should determine what is the construct that the questionnaire is intended to measure 
(e.g. EE, MVPA), secondly, what is the setting where PA is being measured (e.g. school), third, 
what is the recall period (e.g. 7 days), fourth, what is the main purpose of the questionnaire, 
rather to discriminate between populations, evaluate, or predict health-related events (e.g. predict 
bone health). Further, PA questionnaires should be examined in respect to the target population 
which the questionnaire was designed for, or the characteristics of the sample with who the 
questionnaire was originally developed (e.g. age, social economic status), also, its justification, 
providing a rationale that justifies what is a specific questionnaire better than another, and why is 
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the questionnaire needed. Moreover, the format of the questionnaire also needs to be examined in 
respect to the number of questions, number and type of response categories, and also scoring 
algorithm. The last two qualities that need to be examined are, interpretability, referring to the 
value of the questionnaire summary score (e.g. are there norms available that allow for an 
interpretation of scores?), and ease of use, that examines the time required to complete the 
questionnaire, classifying as acceptable or impractical, if there is a copy of the questionnaire 
available and if instructions on how to fill the questionnaire are available (e.g. defining light 
activity) (139).  In addition to this comprehensive qualitative analysis, the authors also describe a 
quantitative approach that covers 4 main aspects: general issues (that assess the quality of the 
original study), reliability, validity, and responsiveness.  
The recommendation related to general issues emphasizes the importance of clear 
descriptions of the population used, the design of the study, administration form (e.g. interview), 
instruments used to assess validity, statistical analyses and adequate sample size.  
Reliability, relates to the extent that the questionnaire is free of measurement error, 
therefore requires at least two measurements, administered under similar conditions and within 
an acceptable measurement interval. Measurement error should be used to examine systematic or 
random error associated with the questionnaire scores, and this component should be assessed 
using different statistical methods, including limits of agreement (LOA) originally proposed by 
Bland-Altman  (20), and standard error of measurement (SEM) or smallest detectable change. 
Measurement error expressed as SEM should be smaller than an established minimal important 
change (MIC). This value depends on the association between PA and a targeted outcome, or in 
other words, the MIC should be outside the confidence interval defined for measurement error 
using LOA. Further, there are several coefficients of reliability that can be used. The intraclass 
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correlation coefficient (ICC) should be used to assess the portion of true variance explained by 
the questionnaire (preferably, using a Two-Way ANOVA design). Researchers should avoid the 
reliance on Pearson coefficients since this indicator does not account for systematic differences 
between measurements, and therefore will most likely overestimate reliability. When using 
ordinal measures, researchers should use weighted Cohen’s Kappa since this indicator takes into 
account agreement attributable to chance as oppose to absolute percentage of agreement (139). 
These statistical approaches have been recommended elsewhere (59, 88).  
Validity refers to the degree to which an instrument truly measures the construct that is 
intended to. The authors discuss three types of validity: face validity, content validity, and 
construct validity. In addition, the concept of floor or ceiling effects is also discussed. Face 
validity, is the weakest form of validity and refers to the subjective examination of item quality 
by experts in the field. Content validity, relates to more specific content of the questionnaire 
being evaluated. Contrary to the structure of the items assessed with face validity, content 
validity, refers to the comprehensiveness of the questions, if the full spectrum of the construct 
PA is being captured by the items. Construct validity, refers to highest degree of validity if 
measures against a true criterion measure of PA, however, this limitation is recognized since 
there is not a true criterion measure of PA. Nevertheless the authors indicated activity monitors 
as the appropriate measure for most of the construct validation studies (139). Appropriate 
statistical approaches to assess agreement between two methods have been proposed by Mahar 
and earlier by Bland (20, 79). The last property that relates to validity is floor or ceiling effects.  
The authors define floor or ceiling effects using a random value of 15%, in other words, a ceiling 
effect is present if 15% of the study population has the highest or lowest score.  
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The last quantitative measurement property is responsiveness which is an often forgotten 
property of PA instruments.  The importance of this property, particularly for longitudinal 
designs, has been discussed before (56) and relates to the ability of questionnaires to detect 
change over time in the construct being measured. In addition, this property also includes 
detection of changes between groups of people where differences can be expected (e.g. active vs. 
inactive or boys vs. girls). Receiver operator curves have great potential when examining 
questionnaire’s responsiveness (139). The checklist proposed by Terwee and colleagues overlaps 
with most of the checklist criteria defined by the Scientific Advisory Committee of the Medical 
Outcomes Trust (SAC) for health status and quality-of-life instruments (1) and another quality 
criteria checklist developed for health status questionnaires (138), however there are other 
properties that should also be examined. For example, these two additional resources suggest 
both the assessment of psychometric properties associated with alternative methods of 
questionnaire administration (e.g. interview vs. self-administered) (1), and internal consistency 
are important issues that need to be examined. Internal consistency is an important property in 
PA questionnaires, particularly in unidimensional scales designed to assess total PA (157). In 
unidimensional constructs, it is expected that all items in a scale are correlated with the total 
questionnaire score. This indicator has been proposed as a measurement property of health status 
questionnaires (138). The same research group also provided a checklist for evaluating the 
methodological quality of studies on measurement properties (93). This resource might be 
valuable when designing measurement studies.         
    Among the psychometric properties discussed, the presence of measurement error is 
one of the most relevant issues since the misclassification of key variables such as PA can 
greatly contribute to the under-estimation of the true association between PA and different health 
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outcomes (112, 156).  Therefore, it is important to identify the sources of error associated with 
measures of PA (112). DeVellis (2012) provides an excellent description of a different approach 
that can be used to examine measurement error – Generalizability Theory (GT) (43). In this 
approach, in addition to the partition of observed variance into overall true and error variance, 
researchers can further examine the different sources of error by identifying the amount of error 
associated with different factors (e.g. participants, mode of administration). The GT examines 
the extent to which the measurement error is invariant across different dimensions or facets of 
interest (e.g. mode of questionnaire administration, among different items). By definition, a 
study employing this approach is defined as G-study and its purpose is to assess to what extent 
one can generalize the scores (or measurement error) to different facets.  Moreover, if one of the 
facets significantly explains a great amount of variance of the observed scores, then 
measurement error cannot be generalized to all facets. The index of generalization across facets 
is expressed based on the generalizability coefficient (43). This approach adds substantial 
information to bias associated with PA questionnaires since it allows for examination of sources 
of error as opposed to traditional partition of variance into true and error variance. Atkinson and 
Nevill (1998) specifically addressed appropriate statistical methods that should be used when 
examining measurement error in the field of Sports Medicine (7). The authors reinforced the 
importance of systematic bias (a bias trend in a specific direction such as consistent 
overestimation at higher levels of PA) and random error (inherent error associated with factors 
such as biological variations when assessing energy expenditure). These two concepts relate to 
heteroscedasticity and homoscedasticity, the degree to which the measurement error increases as 
measured values increase. If this pattern exists, then the error variability is said to be 
heteroscedastic. This is problematic since it would mean that individuals that have a higher score 
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on a specific measure will also have the greatest amount of error. Instruments with these error 
patterns would be less likely to detect changes in more active individuals. The authors reinforced 
the importance of intraclass correlations as opposed to traditional Pearson correlations often used 
in this field since this former indicator does not take into account systematic error. Nevertheless, 
both these methods are dependent on the sample size and inter-individual variability on obtained 
scores therefore is considered to be indicators of relative reliability. Therefore, the authors 
suggested the inclusion of absolute measures of reliability such as standard error of measurement 
and, even more appropriate, the use of Bland-Altman 95% limits of agreement (7).     
The issues associated with the assessment of PA require comprehensive and insightful 
examinations and report of their properties. One of the important concepts in this field is that PA 
is a multidimensional latent construct, with no gold standard method available and therefore it is 
considered to be unmeasurable (109, 156). Physical activity is a non-observable and variable 
construct that might vary from day to day, week to week or even between seasons. This construct 
is estimated using different instruments and scales that reflect PA at a certain point under a set of 
conditions. This definition of PA, adapted explanation of the concept of latent variable from 
DeVellis (43), can explain the inherent limitations associated with self-report instruments that 
were developed to quantify PA. These limitations become a greater issue depending on the final 
purpose of the self-report estimations of PA (e.g. surveillance, basic research, physical activity 
epidemiology). For example, measurement properties of exposure or covariate variables, such as 
PA, are a concern in the epidemiology field. Lagerros (2009) provided a nice review of the 
importance of PA in epidemiology studies, reinforcing the idea that PA epidemiology evolves as 
much as PA measures progress (74).  Therefore, the use of self-report instruments, the most 
common instrument used in the field, requires further improvements.  
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The PAQ has shown great potential to assess PA, however, scoring systems based on 
ordinal scales with no true meaning may add limited information when studying PA in the 
context of dose-response (75, 139). One of the possible reasons for such limitation is the inherent 
floor and ceiling effects associated with restricted scales when assuming linear relationships 
between outcome and independent variables (163). For example, the PAQ scale ranges from 1 to 
5 and therefore is susceptible to this issue. Continuous scores (e.g. MET.min or minutes in 
MVPA) offer clear advantages in this context since they can add valuable insights about future 
PA recommendations targeting different health outcomes (75, 156). The PAQ is still not able to 
cover the multidimensional aspects of PA (e.g. frequency, or light activity), however, 
considering the limitations of self-report instruments in youth, this might be a valuable solution 
since it captures the most important dimension of PA epidemiology in youth (MVPA) (136).   
The lack of a meaningful interpretation and possible floor or ceiling effects associated 
with the PAQ requires further work (19). One possible technique that can be used to overcome 
this issue is what has been defined as calibration (70, 159). Calibration allows that different 
scales (e.g. activity monitor estimates of MVPA and PAQ scores) become similar in magnitude 
and variability, meaning assume the same unit of measurement. However, one important issue 
during calibration, particularly with more subjective methods, might be the amount of error 
associated with these measures. Therefore one way to attenuate this error and improve the 
calibration process is to use a repeated measurements approach with both the criterion and 
subjective instrument (e.g. group of children is assessed three times with a 2 week interval 
between assessments using both activity monitors and questionnaire. This approach adjusts the 
relation between different methods for measurement error, which might reflect more accurate 
indicators of PA when using a calibrated self-reported tool (156, 164).  
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In conclusion, the PAQ-C has been widely used in research (25, 29, 57, 77, 78, 97, 114, 
165) and therefore its calibration can definitely offer a great contribution to this field. We have 
provided sufficient evidence that the PAQ is among the most promising self-report tools for 
youth  however, one of its limitations are the possible ceiling effects and lack of interpretation 
associated with its current scale. 
Section Key Points: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 There are inherent limitations associated with self-report instruments for youth (such 
as definition of MVPA) therefore there is a need for comprehensive examination of 
questionnaire’s properties. 
 The Quality Assessment of Physical Activity Questionnaire (QAPAQ) checklist was 
developed to systematically evaluate the qualitative and measurement properties of PA 
questionnaires. 
 Measurement error should be assessed using different statistical methods that include: 
Limits of agreement originally proposed by Bland-Altman (LOA), and standard error 
of measurement (SEM) or smallest detectable change. 
 The lack of a meaningful interpretation and possible floor or ceiling effects associated 
with the PAQ requires further work. One possible technique that can be used to 
overcome this issue is what has been defined as calibration. 
 The PAQ-C has been widely used in research and therefore its calibration can 
definitely offer a great contribution to this field. 
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Abstract 
Background: The purpose of this study was to develop and validate a calibration equation that 
enables accurate estimation of time spent in moderate-to-vigorous physical activity (MVPA) 
from a common self-report tool called the Physical Activity Questionnaire (PAQ). Methods: A 
total of 261 participants (grade 4
th
 - 12
th 
grade) wore an Actigraph accelerometer for 7 days and 
then completed the PAQ. Multiple linear regression was used on 70% of the available sample to 
develop a calibration equation and this was cross validated on an independent sample of 
participants (30% of sample). Results: Age and PAQ score were significant predictors of the 
percent time spent in MVPA (%MVPA) while gender approached significance (p = .06). The 
final model was able to explain 40% of the variance of in the %MVPA value from the monitor 
(%MVPA= 14.56 - (gender X 0.98) - (0.84 X age) + (1.01 X PAQ); R
2 
= .40). Predicted and 
recorded activity in the cross-validation group were significantly correlated (r=.63), with no 
significant differences between estimates of MVPA (Mean diff. = 25.3 ± 18.1min; t = 1.4, p = 
.17). Conclusions: Results supported the validity of the calibration equation to estimate % time 
in MVPA in groups of youth.   
 
Keywords: Youth, Accelerometry, Instrument psychometrics  
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Introduction 
  The development of more accurate assessments of physical activity (PA) has been 
established as an important public health priority
 
but it has proven difficult to find an appropriate 
balance between accuracy and feasibility (17, 167, 185). Assessing physical activity in youth is 
even more challenging than in adults due to variability in growth and maturation, less developed 
cognitions, and more intermittent behavior patterns (44, 152, 188).  
Concerns about validity, and/or reliability of self-reported activity have led to increased 
use of objective monitoring techniques in youth (48, 102, 126, 129, 136, 169, 172, 192). While 
objective monitoring provides clear advantages, it is more burdensome on participants, more 
time consuming, more costly, and therefore, not feasible for large epidemiological studies (128, 
148, 183). If simple, easy to use self-report instruments could be calibrated against more accurate 
and precise assessments it might be possible to collect accurate physical activity data in an 
efficient and more cost-effective manner.  
Calibration is a commonly accepted measurement practice that allows data to be scaled or 
adjusted to produce more accurate/precise and usable estimates. The robust prediction models 
used to convert skinfold thicknesses to estimates of body fat provide an example of how 
calibration has been effectively used to convert a nebulous score into a more useable outcome. It 
is not necessary to convert skinfolds into body fat estimates in order to make group level 
comparisons but the scaling provides value when interpreting the results. Similar advantages 
would be possible if robust calibration approaches were developed for self-report measures of 
physical activity. In this case, we need to acknowledge that the raw estimates from these tools 
need to be scaled and calibrated to produce accurate estimates of physical activity. Considering 
the complexities of classifying and coding physical activity it is actually quite naive to expect 
78 
 
self-report estimates to even come close to individual-level estimates of PA (45). However, 
questionnaires have been shown to be able to rank people according to their activity and 
importantly, to be able to predict group-level PA in young populations (45, 183). The use of 
some form of calibration can improve the accuracy at this level. 
The use of measurement error models and calibration procedures are common in diet 
related research so it is surprising that there are so few examples of measurement error studies 
(116) and calibration applications in physical activity studies (178). A recent NIH-sponsored 
conference on self-report measures highlighted the value of self-report measures and the need for 
continued refinement (25). A number of other studies have also emphasized the importance of 
accurate self-report measures for epidemiology research, large school-based projects, and for 
surveillance applications (27, 52, 64). This paper helps to fill this need by demonstrating the 
potential for robust calibration of a commonly used physical activity self-report instrument in 
youth – the Physical Activity Questionnaire (PAQ). 
The PAQ was originally developed to assess PA in children - PAQ-C (8) but it was later 
adapted for use in adolescents -PAQ-A (46). The PAQ-C and PAQ-A are self-administered 7-
day (previous week) recall questionnaires consisting of Likert-type activity questions that assess 
overall level of MVPA during different time periods (e.g. school time, after-school l, evening, 
weekend). A number of studies have supported the psychometric properties of the PAQ’s (46, 
47, 77, 82, 85, 93, 110) and different review papers have indicated the PAQ as having better 
validity and reliability indicators when compared with other self-report measures for youth (36, 
162). A recent review by Biddle and colleagues (2011) identified the PAQ as being one of the 
most promising self-report tools available in the field (21).  
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 While the PAQ has shown good utility for field-based research, a limitation is that the 
outcome score is not readily interpretable (21). The PAQ items are scored using ordinal scales 
(1-5 scale) and the outcome measure is computed as a simple mean of the individual items (83). 
This makes it difficult to relate the PAQ score to established public health guidelines or to 
quantify levels of physical activity. The purpose of this study was to develop and evaluate a 
prediction algorithm that would allow raw PAQ scores to be converted to a more useful indicator 
of moderate to vigorous physical activity (namely, % time in MVPA and/or minutes of MVPA). 
The criterion measure in the present study will be obtained from a widely accepted, 
accelerometry-based activity monitor (Actigraph). Accelerometry-based activity monitors 
provide a useful criterion measure for self-report calibration since they provide an objective 
indicator of free-living physical activity and can be temporally linked to data from a self-report 
tool (152). Other “gold-standard” measures of physical activity (e .g. double labeled water, 
indirect calorimetry, and direct observation) cannot satisfy these objectives and therefore are not 
well-suited for this type of application. 
Methods 
Participants 
 The data for the study were collected as part of a school-based activity monitoring study 
conducted in the fall of 2009 and the spring of 2010. Participants were recruited from twelve 
schools (9 elementary and 3 secondary schools) from a small Midwestern Community in 
Kearney, Nebraska.  Using a cluster sampling technique, twelve 3
rd
-5
th
 grade classrooms were 
randomly identified for sampling, along with twelve secondary level classrooms. All students 
attending one of the identified classrooms received information about the program and took it 
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home to discuss with their parents. The study was approved by the University of Nebraska 
Kearney Institutional Review Board. A total of 261 youth (172 collected in the fall and 89 
collected in the spring) returned signed parental informed consents and completed a child assent 
form to participate.  
 
Instruments 
The Physical Activity Questionnaire  
The PAQ, a self-administered 7-day (previous week) recall questionnaire, was designed 
to assess overall participation in PA. The PAQ-C was originally developed for use with 
elementary school children (PAQ-C) but it was later adapted for use with middle school and high 
school youth (PAQ-A). The first item is an activity checklist that includes several common 
sports, leisure activities and games. The developers of the PAQ’s stated that the this item has an 
important role as to act as a memory cue which might suggest that it was not developed to 
precisely get an indicator of activity (46). The remaining items assess activity during specific 
periods of the day, including physical education class, recess (included only in the PAQ-C), 
lunch, right after-school, evening, the weekend, as well as, two additional questions that assess 
overall activity patterns across the week. Each question is scored using a scale that ranges from 
1-5, with a higher score reflective of a higher level of activity. The average of the items is used 
to create the final PAQ summary score.  Previous studies have supported the validity of the 
PAQ’s instruments for assessing general levels of physical activity (46, 47, 77, 82, 85, 93, 110). 
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GT1M Actigraph 
 The ActiGraph GT1M (Actigraph, Pensacola, FL, USA) activity monitor was selected as 
the criterion measure in the present study due to its wide acceptance and use in physical activity 
assessment research (48, 61). This activity monitor is a small, uniaxial accelerometer that is 
attached via a belt to the right side of the waist and captures accelerations movements from 0.05 
to 2.0 g and has a frequency band limit of 0.25-2.5 Hz. The GT1M uses a sampling rate of 30 Hz 
(meaning 30 measurements per second) and has 1 megabyte of memory. The available cutpoints 
for determining levels of MVPA were originally developed using an older version of Actigraph 
(CSA 7164) but the cutpoints are applicable to the GT1M as well (86).  
 
Procedures 
Students who returned a completed informed consent form were asked to wear an 
ActiGraph accelerometer for 7 consecutive days only removing the monitor during water-based 
activities. The accelerometer was initialized using 30-second epochs. Data on weight and height 
were obtained by standardized procedures and used to calculate body mass index (BMI). Body 
mass index percentiles were computed and described using Centers for Disease Control and 
Prevention growth charts (normal: BMI <85
th
 percentile; at risk of becoming overweight: BMI 
>85
th
 and < 95
th
 percentile; and overweight: BMI >95
th 
percentile).  
 
 After 7 days of wearing the accelerometer, participants were asked to return the monitor 
and complete either a PAQ-C or a PAQ-A. Elementary school students in grades 3-5 completed a 
PAQ-C in their regular classroom while being supervised by the classroom teacher. Adolescents 
in secondary grades completed the PAQ-A during their physical education (PE) class while 
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being supervised by the PE teacher. Total data collection lasted for 4 months (between 
November and February). 
 
DATA PROCESSING 
Data from the PAQ were scanned and imported into Excel documents and then imported 
to SAS v9.2 (Cary, North Carolina) for standard processing procedures as described by the 
developers of the questionnaire. Specific consideration was given to how to handle the difference 
between the PAQ-C and the PAQ-A. Since recess represents an important period of activity for 
youth, it was decided to maintain this PAQ-C item in the calibration and cross-validation process 
(even though it wasn’t included in the PAQ-A). The average PAQ score (1-5 scale) was defined 
as the self-reported activity index using either the PAQ-C or the PAQ-A (including the recess 
item for children but not for adolescents). This score was computed using standard PAQ 
procedures as described by the developers of the questionnaires (83).  
 The accelerometer data were downloaded using the software provided by the 
manufacturer (version 5.0, Actigraph, Pensacola, FL), and imported into SAS v9.2 for data 
processing and screening. Since the focus of the study was on calibration it was important to 
establish strict compliance criteria for the accelerometer data. A day was defined from 8:00am to 
9:00pm to minimize the dilution of activity due to misclassification of awake time (56). In order 
for a day to be valid it was required that participants had ≥70% of valid data per day (equivalent 
to 9.0 hours a day). Non-wear time was identified by continuous bouts of 90 minutes at 0 counts 
per minute allowing for 2 consecutive minutes of counts per minute between 0-100 (37, 168). In 
order to represent overall weekly PA levels, it was also required that participants had at least 4 
valid days of data (3 week days and 1 weekend day) (174). Counts per minute greater than 
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16,000 were considered accelerometer malfunctioning and therefore were removed from the data 
(94). 
 Counts were converted to physical activity estimates using age-specific cutpoints for the 
Actigraph (61). A standard intensity definition for youth MVPA was used and set at ≥4 METS.  
 The average percent time spent in MVPA was computed as the number of minutes in 
MVPA divided by the wear time, and this was done separately for weekdays (MVPA% weekday) 
and weekend days (MVPA% weekend day). Additional descriptive measures of recorded activity 
included minutes of MVPA (MVPAmin), and average counts per minute (cpm).  The total 
minutes of weekly MVPA (MVPAmin) were computed using the weighted average of daily 
estimates of activity across the week and the weekend.   
 
Data Analyses 
General linear model assumptions were examined and descriptive analyses were 
conducted to characterize the sample and to summarize activity levels by age group (defined as 
Younger Group: 8-12y and Older Group: 12-15y). This definition of younger and older group 
was selected primarily to account for differences in the nature of school curriculum. Participants 
in the older group did not have recess as part of their school schedule and therefore they were 
asked to complete the PAQ-A while younger students in elementary school completed the PAQ-
C with an additional item. 
A two-way ANOVA was used to examine age-group and gender differences in key 
outcomes from both the PAQ and the accelerometer data (e.g., MVPA% weekday, MVPA% 
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weekend day, MVPAmin, and cpm). These analyses were conducted to determine if similar age 
and gender differences were evident with the two instruments.  Separate one-way ANOVAs were 
done to examine age group differences and to evaluate differences between calibration and cross-
validation groups. Differences in categorical outcomes were assessed using Pearson chi-square 
tests.   
 For the calibration analyses, the average MVPA% was defined as the dependent variable. 
This outcome measure was selected for the calibration phase (as opposed to MVPAmin) since it is 
less likely to be influenced by sample specific school schedules. For example, the number of 
MVPA minutes would be directly influenced by the frequency and duration of active periods 
during school time but the percent time in MVPA would not be influenced to the same degree. 
Another advantage of using MVPA% is that it can also minimize possible differences due to 
accelerometer wear time. The use of MVPA% is more abstract but it is expected to improve the 
external validity of the resulting PAQ calibration equation. Once the percentage estimates are 
determined, the weekly estimated minutes of MVPA can be easily computed by multiplying the 
predicted daily MVPA percent by the total available minutes per week.  
Another important consideration in the calibration analyses was to determine how to 
handle inherent age differences since the participants completed slightly different versions of the 
PAQ. While it would be possible to perform separate calibrations for each version or age group 
this would lead to confusion when comparing youth across a wide range of ages. Therefore, we 
chose to use the actual PAQ score from the respective versions of the PAQ and adjusted for the 
differences by including age as a predictor in the regression models.  
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For the actual calibration step, we used multivariate linear regression on a randomly 
selected proportion of the final sample of participants (70%) to determine the relationship 
between the PAQ outcome score and the average daily percent time spent in MVPA (MVPA%) 
recorded by the Actigraph (calibration). Basic assumptions of multivariate linear regression were 
verified and the fit of the model was evaluated based on the R
2 and β weights from the each 
independent variable in the model and in particular, the PAQ score. The root mean square error 
(RMSE) (also known as standard error of estimate (SEE)) was used as an indicators of the model 
accuracy and computed as the square root of the mean square residuals from the overall 
regression ANOVA table. The model precision was examined based on the test for 
heteroscedacity of residuals using the Breusch-Pagan test.    
 For cross validation, the model was applied to the remaining subsample of participants 
(30%) that were not included in the calibration analyses (an independent sample). Predicted daily 
MVPA% was converted to weekly minutes of MVPA by multiplying the predicted MVPA% by 
an estimate of the total weekly minutes available for physical activity. For the present study we 
assumed that youth would have approximately 13 hours a day to potentially be active (24 hours – 
11 hours of sleep / rest). Previous studies have reported average sleep time for children as high as 
10.6 hours (56) so this is a reasonable approximation of available activity time. Thus, the 
MVPA% estimates were multiplied by a value of 5460 minutes ((13 hours X 7 days= 5460 
minutes) to obtain estimates of weekly MVPA minutes. This assumption may not be tenable for 
all youth but (as described above) this approach enabled us to produce estimates of MVPA that 
account for variability in activity time allocations during school time (e.g. recess duration, PE 
duration).  
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The validity of the calibration algorithm was first evaluated using a paired t-test to 
examine overall difference between the two instruments. Agreement was further examined 
through inspection of regression coefficients (assessing the ability of PAQ scores to predict 
accelerometer estimates), including the unstandardized β, proportion of variance explained (R2), 
and root mean square error. Finally, systematic bias was determined using limits of agreement 
(LOA) proposed by Bland Altman (22). This analysis examined the distribution of error across 
the range of the activity estimates. The appropriateness of the developed calibration equation was 
discussed based on the RMSE (for group-level assessment) and limits of agreement (individual-
level assessment) examined through modified Bland-Altman plots. Floor and ceiling effects were 
also examined using a similar procedure described by Terwee and colleagues (161).  Significance 
level was set at .05 and all analyses were done using SAS v9.2. 
 
Results 
 The final sample used for analysis (based upon an examination of participant compliance 
with the study protocol) included 148 youth (76 boys and 72 girls). There were no violations of 
general linear model assumptions and therefore, no data transformations were required. Overall 
descriptive analyses were conducted for the full sample and separately for two different groups: 
calibration (n=103) and cross-validation samples (n= 45).   
Initial tests on the full sample indicated that PAQ scores yielded a similar pattern when 
compared with the objective indicators of activity (weekly MVPAmin, MVPA%, and activity 
counts) among boys and girls. Activity patterns obtained from the PAQ were not consistent with 
accelerometer outcomes when comparing the two age groups. There were no significant gender 
differences in weekly MVPA activity scores from either the accelerometer data [F (1,144) = 
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0.81, p < .369)] or the PAQ data [F (1,144) = 0.99, p = .321)]. There were significant main 
effects for age group for the accelerometer data [Weekly Minutes: [F (1,144) = 9.15, p = .003)] 
but no significant differences among age groups in PAQ scores [F (1,144) = 2.41, p = .123)]. 
There were no significant interactions between age groups and gender (p > .05). 
 More detailed descriptive statistics from study participants are provided in Table 1. 
These comparisons evaluated patterns separately for the calibration and cross-validation samples 
to ensure that they were similar. Overall, separate two-way (group x age group) ANOVAs 
confirmed that the older age group was older, taller, heavier and were less active than their 
younger peers (p < .05). These differences were consistent among the calibration and cross-
validation samples and supported by non-significant differences between the calibration and 
cross-validation in all variables (p > .05) except in PAQ scores [F (1,146) = 4.13, p = .04)]. 
The primary analyses involved two separate steps: a calibration phase and a cross-
validation phase. The results are presented in separate sections.    
 
Step 1: Calibration  
 The multivariate linear regression was fitted with three independent variables: PAQ 
score, age (in years), and gender (boys=1 and girls=2). MVPA% was defined as the dependent 
variable. Body mass index was not considered since it might be not feasible to obtain BMI scores 
when computing youth activity levels from large samples (particularly, in school settings). 
Nevertheless, the utility of BMI was examined and deemed to be non-significant (p = .26) when 
included in the calibration model. Age and MVPA% were slightly skewed to the right [Age: 
Skewness = 0.66; Kurtosis = -0.20; A = 3.30, p = .005; MVPA%: Skewness = 0.32; Kurtosis = -
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0.59; A = 0.877, p = .024)] but the PAQ scores were normally distributed (Skewness = 0.08; 
Kurtosis = -0.02; A = 0.230, p > .25). Examination of Spearman (for PAQ) correlation, revealed 
moderate and significant linear associations of MVPA% with PAQ scores (rs(103) = .35, p < 
.001). This supported the inclusion of this variable in the model and justified the decision to 
proceed with linear forms of the main independent variable. Alternative regression models with 
non-linear forms of the PAQ scores were examined but they did not improve the fit of the model. 
The final model explained 40% of the variability in MVPA% [(R
2 
= .40; F (3,99) = 22.10, p < 
.001)], and the β weights for age (β = -0.84 ± 0.13; p < .001) and PAQ (β = 1.01 ± 0.39; p = .01) 
variables were found to be significant predictors of MVPA%. Gender approached significance (β 
= -0.98 ± 0.51; p =.06), and was retained in the model to account for possible population 
differences between boy’s and girl’s activity. A visual representation between recorded and 
predicted activity is provided in Figure 1. The final model for prediction of (daily) MVPA% was 
as follows: 
Daily MVPA% = 14.56 - (0.98 X gender) - (0.84 X age) + (1.01 X PAQ) 
Gender was coded as “1” if male and “2” if female; age was coded in years (ranging from 
8y-14y); PAQ was the average raw score with one decimal place.                                                                                                  
 The overall accuracy of the model was equal to 2.54% (RMSE = 2.54%) and indicated a 
reasonable fit to the data (suggesting that the equation could estimate MVPA% with an error of 
2.54%). The Durbin-Watson test supported the assumption of independent errors (DW = 1.83; 
r(103) = 0.08). The Breusch-Pagan test (a test for heteroscedacity) showed that the error 
variability (precision) was consistent across different levels of accelerometer activity (X
2
 (8) = 
10.7; p = .22). Additionally, we determined that the error was evenly distributed revealing a 
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similar likelihood of under- or over-estimated accelerometer MVPA values (Skewness = -0.41; 
Kurtosis = -0.14; A = 0.42, p > .25). The inspection of Cook’s index of influential points, 
suggested that the error was larger for younger and older age participants. Calibration regression 
coefficients are illustrated in Table 2.  
 
Step 2: Cross-validation 
 Estimates of weekly minutes of MVPA using an independent sample were computed 
following procedures as described above. Predicted daily percent time in MVPA (MVPA%) was 
multiplied by 5460 minutes of weekly awake time to estimate total weekly minutes of MVPA. 
This was compared to the observed estimate of MVPA obtained for the same time span. On 
average, the PAQ calibration equation overestimated total minutes of MVPA by 25.3 ± 18.1 
minutes (t (44) = 1.40, p = .17). Accelerometer and predicted minutes of weekly MVPA were 
moderately and significantly associated with each other and the predicted scores explained 40% 
of the variability in accelerometer minutes of weekly MVPA with a RMSE of 121.6 (R
2
 = 0.40, 
F (1,43) = 28.71, p < .001).  Further, a 1 minute increase in PAQ-derived MVPA estimates was 
associated with an increase of 0.86 minutes as recorded by the Actigraph accelerometer (β = 0.86 
± 0.16, p < .001). Examination of modified Bland-Altman plots and the test of Breusch-Pagan 
indicated no heteroscedasticity (X
2 
(2) = 2.80, p > .25) and the Pearson correlation between 
absolute error and accelerometer estimates of MVPA was equal to -.24 (p = .11), supporting the 
homogenous distribution of error. The association between accelerometer MVPA and residuals 
was negative and moderate (r (45) = -.69, p < .001) indicating the presence of systematic bias. 
Figure 2 illustrates this pattern, suggesting that low active participants tended to over-report 
minutes of MVPA while active individuals tend to under-report their activity. Limits of 
agreement (LOA) were determined to examine individual and group level error. The PAQ 
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overestimated group activity by 6% while the 95% confidence interval for group-level bias 
suggested that this error can range between -6% and 16% of accelerometer group estimates. 
Individual error ranged between -56% and +69% of the accelerometer value (Table 3).  Error 
was normally distributed (A = 0.41, p > .25). Further, visual examination of the histogram also 
indicated that error was similarly distributed among boys and girls (figure not included). Most of 
the residuals were within the 95% confidence interval for the LOA (-212.3, 262.9). These results, 
suggested that there was no evidence of floor or ceiling effects associated with the PAQ 
estimates. 
 Figure 3 provides an illustration of the relation between PAQ scores and estimated 
minutes of MVPA (min/week). Results are described for boys aged 9, 11, and 13 years. Each 
unit increase in the final PAQ score (1-5 scale) was associated with an increase of 55.1 minutes 
of weekly MVPA.   
Discussion 
The PAQ has been shown to have good utility for a variety of applied research 
applications. A limitation of the PAQ is that the outcome score is not readily interpretable. This 
paper evaluated the validity of a simple calibration designed to convert PAQ’s scores into a more 
meaningful outcome measure (minutes of MVPA per week). The results support the utility of 
this method as the resulting model estimated objectively recorded activity with an error of 2.54% 
and explained 40% of the variability in MVPA. A strength of the analytic approach is that the 
calibration equation was developed to predict the percent of time spent in MVPA across the 
week. This value is then converted to minutes of MVPA by multiplying by total weekly minutes 
considered in this study (5460 minutes of awake time, or 8:00am-9:00pm, Monday-Sunday). 
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This approach is more robust than directly estimating minutes of MVPA since it avoids potential 
error caused by differences in the length of important active periods during the day (e.g. lunch, 
recess, PE class, school day). The approach also minimizes any wear time differences between 
participants. The average wear time was 754.8 ± 24.7 minutes, which is close to the 
hypothesized 13 hours per day (780 minutes).  
 The utility of this approach was demonstrated in the cross validation analyses as 
reasonable measurement agreement was obtained when it was evaluated in an independent 
sample. The 95% confidence interval for group mean differences indicated that group-level bias 
can range between -11.2 to 61.7 minutes of MVPA, equivalent to -6% and 16% of accelerometer 
estimates of weekly minutes of MVPA. This supports the ability of PAQ algorithm to estimate 
group-level estimates of activity. Further examination of the bias through the modified Bland-
Altman plots indicated that the equation would tend to overestimate MVPA in less active 
individuals and underestimate MVPA in more active individuals. This pattern is not surprising in 
older ages (45); however, additional research is needed to examine the extent to whether the 
same applies to younger children.  Since no ceiling effects associated with the PAQ were found 
(illustrated by the homogenous distribution of residuals), one can possibly conclude that the 
systematic error can be attributed to individual’s reporting bias. The results from this 
independent sample are noteworthy since they demonstrate that the calibration algorithm is 
effective in estimating activity in a different group of individuals (external validity). While the 
results are promising there is clearly significant room for improvement in the accuracy of this 
type of calibration.   
 To provide an example of a possible application of this equation for the purpose of 
discussion, retrospectively, we identified youth that would meet public health guidelines (e.g. 60 
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minutes of daily MVPA) (118) based on accelerometer data. Differences in predicted PAQ 
scores between active and non-active youth (as assessed by accelerometer) were examined using 
receiver operator curves. We computed the Area under the Curve (AUC), with respective 
Sensitivity (Se) and Specificity (Sp) indices, for a cutpoint of 420 minutes of weekly PAQ 
minutes of MVPA. In other words, we used a backward approach to obtain the optimal balance 
between Sensitivity and Specificity associated with a cutpoint of 420 minutes of weekly MVPA. 
These results revealed a moderate and significant degree of agreement (AUC = 0.79 ± 0.07, p < 
.001). Approximately 65% of non-active individuals based on the accelerometer data were 
correctly identified through self-reported estimates (Se = 65.4). Approximately 74% of active 
individuals meeting guidelines with the accelerometer were correctly identified by the PAQ (Sp 
=73.7).  These results are reasonable, considering the wide discrepancy in agreement that has 
been reported in adults. The work from Troiano et al. (2008) and Tucker et al. (2008) clearly 
illustrate this issue. Troiano et al. (2008) examined accelerometer data from the NHANES 2003-
2004 cohort and found that only 2.3% to 3.5% of adults, from the NHANES 2003-2004, met the 
physical activity guidelines for Americans (PAGA) (168). Tucker and colleagues (2008) 
examined both accelerometer and self-reported physical activity data from the NHANES 2005-
2006 cohort to determine the extent to what accelerometer and self-report measures would 
provide similar prevalence rates of adult’s compliance with PAGA. The prevalence of adults 
meeting the PAGA, based on accelerometry was 9.6% while the estimate was 62.0% when 
activity was self-reported (179). The low prevalence rates of adults meeting the PAGA reported 
by Troiano et al. (2008) and Tucker et al. (2008) based on accelerometer data were substantially 
lower than PAGA compliance based on self-reported activity. The discrepancy with self-report 
data are well chronicled, but with calibration approaches similar to those demonstrated here it 
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would be possible to model self-report data so that they approximate the patterns and distribution 
from objective data. 
It is important to note that we observed large individual bias ranging from -212.3 and 
262.9 minutes or -56% to +69% of the accelerometer estimates of MVPA. Thus, the equation 
would likely lead to large errors for estimating individual activity levels. The concept of 
estimation at the individual and at the group level can be confusing. It is tempting to think of a 
group as composed of individuals, and thus to base inference for the group on individual-level 
inference. However, these indicators must be examined independently. Reliable estimation of 
usual PA at the individual level is more challenging and may require multiple assessments but 
individual data can be used to obtain reliable and valid estimates of the distribution of usual PA 
in the group. The results presented here show promise for group level estimation but there is 
clearly considerable room for improvement if more complex models and approaches are used.  
The calibration equation from our study can be used to obtain reasonable group estimates 
of minutes of MVPA from raw PAQ scores however, more work is needed to refine the 
approach.  In particular, there are several specific challenges that need to be overcome. 
Accelerometer data was collected using 30-second epochs but smaller epochs can be necessary 
to capture more intense bursts of activity (114). However, this effect can be minimized when 
activity is aggregated into MVPA (114). The PAQ asks about activity levels during different 
segments of the day (during school year), however, the results from individual items, were not 
intended to alone produce an activity indicator for the respective time frame, but to be averaged 
across the remaining items and used in the calculation of total activity. A more robust approach 
would be to use individual PAQ items to estimate activity separately during different segments 
of the day (e.g. school setting vs. home setting).  However, the phrasing of some individual items 
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on the PAQ may make this challenging. For example, question 1, 8 and 9, all ask about activity 
on the past week and therefore are somewhat redundant rather than independent. The current 
calibration also utilized data collected across a full week rather than treating weekdays and 
weekends separately. It may be possible to create more effective calibration equations by directly 
matching the reported times with the data recorded from the accelerometer. This was not 
possible in the present analyses since the purpose of this study was to calibrate the original PAQ 
as recommended by the developers. It is noteworthy that the present calibration equation yielded 
reasonable group level estimates despite these limitations.  With refinements, it may be possible 
to reduce individual error and also improve group-level accuracy and precision.  
 While the results are favorable, the equation should be used with caution until more 
robust evaluations are performed. The developed equations, for example, should be tested on 
another group of individuals, across different ages. Despite the randomized distribution of 
participants into calibration and cross-validation groups, there were no overweight children 
included in the cross-validation sample. The majority of our sample was composed of individuals 
aged 8-13 and therefore, the results might not generalize to older individuals. Care is also needed 
to consider the subtle differences between the PAQ-C and the PAQ-A. The instruments differ by 
a single item but consideration of calibration is needed to facilitate application of this for 
longitudinal studies or for comparisons across multiple grades. 
 
Conclusion 
The results demonstrate that the PAQ can be calibrated to provide accurate group level 
estimates of MVPA. While the findings presented here are specific to the PAQ, similar 
approaches can be used to improve the utility of other self-report instruments. There is clear 
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public health interest in improving self-report measures (25) and the calibration procedures 
shown here offer a way to get reasonable accuracy with a more feasible and cost-effective 
strategy. Self-report instruments like the PAQ also provide a way to capture information about 
the context and setting of physical activity so this could also be captured. Refinements have been 
made to improve the format and nature of questionnaires to capture youth activity patterns (17, 
88, 161). However, it is unlikely that these steps will directly help to improve the accuracy of 
physical activity estimates from a survey. The calibration algorithms developed in this study 
allow raw PAQ scores to be directly converted into minutes of MVPA and thereby, overcome 
one of the limitations associated with this questionnaire. This is a critical step for interpreting 
data from the PAQ, but similar calibration procedures could be employed to improve the utility 
of other physical activity self-report tools. 
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Table 1. Descriptives for the calibration and cross-validation samples stratified by age group. 
Age group Younger Older Combined   
Calibration Sample n=71 n=32 n=103   
  M±SD M±SD M±SD P 
Age (y) 9.7±1.1 13.3±1.3 10.8±2.0 <.001 
Gender (% male)
1
 47.9 46.9 47.6 .920 
Height (cm) 141.0±7.9 160.5±11.7 146.8±12.7 <.001 
Weight (kg) 37.4±9.8 60.7±19.3 44.6±17.2 <.001 
BMI (kg/m
2
) 18.6±3.8 23.2±5.6 20.1±4.9 <.001 
Overweight (%)
1
 12.7 28.1 17.4 .056 
Spring (%)
1
 57.8 56.2 57.3 .800 
MVPAmin (min) 60.7±23.1 37.6±20.1 53.5±24.6 <.001 
MVPAWeekday (%) 8.0±3.3 5.0±2.5 7.1±3.3 <.001 
MVPA Weekend (%) 8.0±4.2 4.9±5.3 7.0±4.8 <.001 
AA (cpm/day) 475.4±114.7 429.8±137.9 461.2±123.5 .080 
AM wear time (d) 6.0±0.9 5.6±0.9 5.9±0.9 .025 
PAQ (0-5 scale) 3.2±0.7 2.8±0.6 3.1±0.7* .005 
     Cross-validation 
Sample         
 
n=32 n=13 n=45 
   M±SD M±SD M±SD P 
Age (y) 8.4±3.1 13.1±1.0 10.6±1.9 <.001 
Gender (% male)
 1
 62.5 53.9 60 .590 
Height (cm) 140.7±8.4 157.0±10.9 145.3±11.7 <.001 
Weight (kg) 37.3±9.4 46.9±11.0 40.1±10.7 .001 
BMI (kg/m
2
) 18.7±3.6 18.9±2.8 18.8±3.3 .890 
Overweight (%)
1
 0 0 0 Na 
Spring (%)
1
 46.9 61.5 51.1 .370 
MVPAmin (min) 61.4±21.7 39.0±19.4 55.7±22.2 <.001 
MVPA Week day (%) 8.4±3.1 5.5±2.6 7.6±3.2 .005 
MVPA Weekend day 
(%) 8.4±4.7 4.0±3.0 7.1±4.7 .003 
AA (cpm/day) 491.0±100.5 434.6±125.1 474.7±109.8 .120 
AM wear time (d) 6.2±0.8 5.5±1.1 6.0±0.9 .014 
PAQ (0-5 scale) 3.5±0.5 2.9±0.5 3.3±0.6 <.001 
p-values relate to age group comparison tests. 
1 Tested using Pearson Chi-Square test.  
*Significantly different than the cross-validation sample. 
M±SD= Mean±Standard Deviation. 
na= not applicable. 
AA= average activity. 
AM=Activity monitor. 
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Table 2. Calibration parameters and model evaluation indices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SE- Standard Error 
RMSE- root mean square error  
DW- Durbin-Watson test 
 aVIF- variance inflation factor (range) 
 bEstimate (first order auto-correlation) 
 cSkewness, kurtosis 
 Dependent variable= MVPA% (average per day) 
 Gender: Boys= 1 and Girls= 2 
 Age: in years (e.g. 10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estimate SE T p 
Model Parameters 
    
     Intercept 14.56 2.14 6.81 <.001 
     Gender -0.98 0.51 -1.93 .06 
Age -0.84 0.13 -6.74 <.001 
PAQ 1.01 0.39 2.58 .01 
Model evaluation 
    
     R
2
 0.4 
   RMSE 2.54 
   VIF
a
 1.02-1.05 
   Breusch-Pagan 10.7 
  
.22 
DW
b
 1.83 (0.08) 
   Normality of 
Residuals
c
 0.66, -0.20       
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Table 3. Agreement between weekly minutes of MVPA obtained from the PAQ and 
accelerometer.   
  
  PAQ 
MVPA
1
   
   Acc  
MVPA
1
   Mean Bias
1
      95% CI
2
         LOA
3
 
Estimate 415.2±113.3  
 
389.9±155.3  
 
25.3±121.2 
 
 -11.2, 61.7 
 
 -212.3, 262.9 
                    
1 Mean ± Standard Deviation 
2 95% confidence interval for the average mean difference (PAQ - Acc) 
3 Limits of Agreement computed as Mean difference ± (1.96 X Standard Deviation) 
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Figure 1. Relation between accelerometer activity levels (Recorded MVPA%) and predicted 
activity levels (Predicted MVPA%). The solid line represents the best fit with the respective 95% 
confidence interval for the mean predicted values (dashed lines).  
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Figure 2. Modified Bland-Altman plots illustrating the agreement between predicted and 
recorded minutes of MVPA. There was a systematic bias, suggesting that the equation 
overestimates activity for less active youth, while underestimates activity for more active youth. 
The solid line indicates the average bias while dashed lines indicate the upper and lower 95% 
limit of agreement, upper and lower dashed line, respectively.  
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Figure 3. Predicted minutes of MVPA (min/week) using different PAQ scores. Estimates were 
simulated for three boys aged 9, 11 and 13 years. The final predicted score was divided by 100 
and multiplied by 5460 minutes as a measure of weekly activity. Per each PAQ score unit 
increase there was an increase of 55.1 minutes of weekly MVPA.   
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Abstract 
The relationship between objective and self-report measures of physical activity has not been 
fully explored in physical activity research. In this study, the potential of self-report instruments 
is explored by linking objective measures of moderate-to-vigorous physical activity (MVPA) to 
self-reported activity provided by the Physical Activity Questionnaires (PAQ-Children and PAQ-
Adolescents). A total of 195 school-aged children wore an Actigraph monitor and completed 
either the PAQ-C or PAQ-A one week later. Actigraph data were processed using age-specific 
cutpoints and split into aggregates of MVPA spent during recess, PE, lunch, after-school, 
evening, and weekend. Each aggregate was matched with a respective item from the PAQ’s (e.g., 
recess item) and standard calibration procedures were used to compute a prediction equation for 
each window of time. Predicted scores were combined to reflect in-school, out-of-school and 
total week MVPA and cross-validated in an independent sample. Time-matched data from these 
two instruments can be used to increase the utility of self-report tools.  
 
Keywords: MVPA, youth, accelerometers, measurement 
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Introduction 
Self-report instruments have been the most commonly used tool in physical activity 
research, but concerns about validity and disparities when compared with objective monitoring 
techniques, require continuous work in order to improve their utility (4, 28, 35). This can 
possibly explain the preference and almost necessity for objective measures of physical activity. 
There have been continuous improvements in the development and validation of  objective 
measures (5, 6, 11, 14, 25, 29) and they have become the accepted standard for most field-based 
research applications. However, there are still a number of disadvantages of objective monitoring 
devices such as the high cost, the burden (on both participants and researchers) and the inability 
to provide information about the context of physical activity. The lack of contextual data is 
particularly important since this limits the utility for understanding the complexities of physical 
activity behavior. In response to this issue, a recent NIH-sponsored conference was held to 
revisit some of the potential advantages of self-report tools as independent or complementary 
measures of physical activity (4).  
Traditionally, objective measures have been used to evaluate the validity of self-report 
measures.  An under-used method in physical activity research is to calibrate self-report 
instruments so they can estimate physical activity more accurately. The calibration process is an 
accepted component of research with most accelerometry-based activity monitors as raw 
“counts” typically have to be calibrated against other criterion measures such as indirect 
calorimetry (2).  The calibration process allows accelerometers to produce more useful outcome 
measures (e.g. estimates of energy expenditure and time spent in physical activity). Similar 
approaches can be used to improve the utility of self-report instruments.  
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A particularly promising instrument for calibration  is the Physical Activity 
Questionnaire (PAQ) which has been widely used to assess general levels of physical activity in 
children and adolescents (18). The psychometric properties of the PAQ have been well supported 
(7, 30) and it was listed as one of the most promising self-report tools when examining youth 
activity levels (3). A limitation of the PAQ is that it uses an ordinal (1 to 5) scoring system that 
makes it difficult to interpret the final summary score. We recently demonstrated the utility of a 
prediction equation that converts the summary PAQ score into an estimate of minutes of 
moderate-to-vigorous physical activity (MVPA) (26). The multivariate linear regression 
prediction model (which included age, gender and raw PAQ scores) explained 40% of the 
variance in accelerometer derived estimates of MVPA and there were non-significant differences 
between predicted and recorded MVPA in an independent, holdout sample (mean difference = 
25.3 ± 18.1min; t = 1.4, p = .17). The results supported the validity of the calibration equation to 
estimate MVPA in groups, but the utility of the PAQ can possibly be improved with more robust 
modeling.  
The individual items on the PAQ ask about physical activity during specific contexts and 
time periods (both in school and out of school). While the PAQ was not originally developed to 
provide separate indicators of activity, ‘in school’ and ‘out of school’ calibration of similar items 
makes it possible to produce estimates of MVPA for these two distinct periods, a differentiation 
that is of considerable interest for both researchers and practitioners. Schools, for example, are 
often required to report on levels of physical activity obtained specifically at school.  
Rather than attempting to make the PAQ suitable for this purpose, the present study 
describes a new calibration approach for self-report tools, using 3 in-school and 3 out-of-school 
PAQ items to estimate objectively measured physical activity during these time frames. 
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Methods 
Participants 
The data for this study have been described in a previous paper (26). A total of 261 
participants that returned informed consent and child assent forms were recruited from twelve 
schools (9 elementary and 3 secondary schools) from a rural Midwestern Community in 
Kearney, Nebraska.  Data were collected during two semesters: Fall of 2008 (n = 172) and 
Spring of 2009 (n = 89). The study was approved by the University of Nebraska Kearney 
Institutional Review Board. 
 
Instruments 
The Physical Activity Questionnaire (PAQ-C and PAQ-A) 
These two 7-day recall self-report questionnaires provide an overall indicator (1-5 score: 
the higher the score, the higher, the level of activity) of MVPA. This summary score has limited 
interpretability. The PAQ-C was developed for 6-year-old children while the PAQ-A was 
developed for adolescents (1, 9). Both versions have demonstrated appropriate psychometric 
properties (9, 10, 16, 17, 19, 20, 23).  
The PAQ-C version has three items that ask about overall activity in the last 7 days, three 
items that assess activity during school (recess, lunch, and PE), and three items that assess 
activity out of school (after-school, evening, and weekend). The PAQ-A version is similar, with 
the only difference being that it does not include a recess item, and therefore, only has two items 
that relate to school activity. Therefore, the PAQ-C and PAQ-A can be used to test the agreement 
between individual school and out-of-school items, and objectively measured activity. The utility 
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of these items can be further explored by creating a separate composite score for school- 
(physical education class, recess (in PAQ-C, and lunch item) and out-of-school  activity (after-
school, evening, and weekend items). The remaining three items in the PAQ were not used in 
this study.  
 
GT1M Actigraph 
The ActiGraph (GT1M Actigraph, Pensacola, FL, USA) activity monitor was used as the 
criterion measure. This monitor has been widely used in physical activity research and is 
commonly accepted in the literature as an accurate measure of objective physical activity (11, 
15). There are a number of calibration equations that have been published for this monitor (12, 
13, 22, 24, 27, 31, 34) but the most commonly used approach is to apply age-specific cutpoints 
proposed by Freedson et al. (2005) (15). These cutpoints have been shown to provide accurate 
classifications of MVPA (33). This small uniaxial accelerometer is usually placed in the right 
side of the waist and was designed to capture accelerations going from 0.05 to 2.0 g at a 
sampling rate of 30 Hz. 
 
Procedures 
Students were asked to wear an ActiGraph accelerometer (initialized with 30-second 
epochs) for 7 consecutive days. After completing the accelerometer protocol, students completed 
the PAQ-C (or PAQ-A if age > 12 years) so that data from the two instruments could be linked. 
Additional information collected included age, weight, height; body mass index (BMI) was 
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calculated using standard procedures (weight (kg)/height
2
(m)). Additional detail about this study 
procedures are reported elsewhere (26). 
 
Data Processing 
Data from the PAQ were imported to SAS v9.2 (Cary, North Carolina) and processed 
using procedures described by the developers of the questionnaire (18). Accelerometer data were 
downloaded using Actilife v5.0 software (version 5.0, Actigraph, Pensacola, FL), and processed 
using SAS v9.2.   
Data reduction procedures were applied separately for each segment of the week and 
summary data are provided in Table 1.  Non-wear time was identified by continuous bouts of 15, 
30, or 90 minutes, allowing for 2 consecutive minutes of counts per minute between 0-100 (8, 
32). Counts per minute greater than 16,000 were removed from the data (21). 
The priority in the data processing step was to match key indicators of physical activity 
with corresponding PAQ items. For example, data on activity at recess needed to be matched 
with PAQ item 3. To accomplish this, the 30-second activity counts during recess time 
(identified by the teacher as starting at 11:10am and finished at 11:30am) were extracted from 
each weekday of data collection and aggregated into a single dataset for subsequent analyses. 
The same procedure was performed for lunch, physical education, after-school, and evening. 
Weekend activity was computed using activity counts between 8:00am and 9:00pm on weekend 
days. Each dataset was processed independently and estimates were aggregated into a single 
dataset after the processing was complete. 
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The key outcome variables of interest from the accelerometer data were the minutes of 
MVPA (MVPAmin), the percent time spent in MVPA (MVPA%), and the average counts per 
minute (cpm). Estimates of time and percent time in MVPA were made using established age-
specific cutpoints for MVPA (15). The intensity definition for MVPA was defined as ≥4 METS.  
 
Data Analyses 
Data analyses were conducted to illustrate how the utility of this approach can be 
examined. As mentioned above, the analyses were conducted using temporally matched data 
from the Actigraph and the PAQ items. The reported activity level on each PAQ item was 
matched with corresponding indicators of activity obtained from the accelerometer data. 
Therefore, the units of analysis were defined as the individual segments of the week: PE, recess, 
lunch, after-school, evening, and weekend.  
Descriptive information, such as the number of valid observations, and indicators of 
activity, were computed to characterize each segment of the week (Table 2). Similar to our 
previous study (26), the total compliant sample was then divided into calibration (n = 145) and 
cross-validation (n = 50) groups. Results were described separately for each group.  
Calibration. The ability of each item to predict accelerometer activity was examined 
using age, gender and the best form of the respective item as predictors of objectively measured 
percent time in MVPA. Each item was examined separately and different forms of the PAQ item 
were examined to determine the best relation between self-reported and recorded activity. Two 
approaches (graphical and statistical) were used to determine the best form of an item when 
predicting accelerometer activity. First, the distribution of accelerometer scores among each 
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possible outcome of their respective PAQ score were plotted using a regression line (solid black 
line), to visualize the extent to whether the relationship between accelerometer and PAQ scores 
was linear, and a smooth dashed line (red dashed line), to reflect a more accurate pattern of the 
relationship (and possibly non-linear) between accelerometer and PAQ scores. The linear form 
of the relationship between the two measures was graphically supported if these two lines 
overlapped and not supported if otherwise. Secondly, items were statistically tested as linear, 
quadratic, cubic, and exponential forms. Additionally, spline functions were also used to 
examine the possibility of discontinuity among different levels of PAQ scores when predicting 
recorded activity. In other words, spline functions can be well suited if the outcome variable 
(MVPA%) is differently associated along different scores of a regressor (PAQ score). For 
example, children might not be able to distinguish their true lunch activity from a 4 or a 5 PAQ 
lunch score. Therefore, if there is no discrimination between a score of a 4 or 5, it might happen 
that there is a linear relationship between accelerometer and self-reported activity until a score of 
4 but a plateau beyond this score.  Descriptives for the calibration group, by each segment of the 
week, were first provided and the ability of each item (using age and gender as covariates) to 
predict respective accelerometer activity was determined using standardized validity procedures. 
These included the examination of regression coefficients (R
2
, Pearson correlations, β-weights 
and respective standard errors).  
 
Cross-Validation. The resulting calibration equations (6 equations) were then applied to 
an independent sample of 50 participants. Percent time in each segment of the week was 
computed using the best calibration equation for the respective segment and multiplied by the 
total duration (min/week) of that same segment. For example, percent time in MVPA was 
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computed using the resultant calibration algorithm for recess and the predicted value (MVPA%) 
was then multiplied by total recess duration for each individual in order to reflect total recess 
activity during the week. Total duration for each segment was determined by the average 
duration for each segment extracted from valid data. The average duration was multiplied by 2, 
5, 5, 5, 5 and 2 to represent PE, recess, lunch, after-school, evening, and weekend total time 
(total week activity).     
The PE, recess, and lunch derived estimates were aggregated to reflect school-time 
activity, while the after-school, evening and weekend derived estimates were aggregated to 
reflect out-of-school activity. School and out-of-school activity were combined to reflect total 
week activity.  
Agreement between measured and predicted school, out-of-school and total activity was 
examined separately and using regression coefficients (regressing accelerometer minutes of 
MVPA on predicted minutes of MVPA), such as R
2, β-weights, and root mean square error 
(RMSE), paired t-test and modified Bland-Altman plots to test group- and individual-level error. 
Homoscedacity of residuals was examined by correlating absolute error (Predicted-Measured 
minutes of weekly MVPA) with accelerometer minutes of MVPA. Normality of residuals was 
also tested using the Anderson-Darling test of normality. Significance level was set at an alpha of 
.05 and analyses were all performed using SAS v9.2.  
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Results 
Among the six segments examined, there were 195 participants out of the 261 with one or 
more valid sets of accelerometer data (e.g. evening). Detailed criteria used to determine the 
validity of the accelerometer data are available in Table 1. The number of participants per 
segment of the week ranged from 141 to 183 and descriptive information for each segment is 
provided in Table 2. The total number of participants was split into calibration (n = 145: 73 boys 
and 77 girls; Mean age= 10.8 ± 2.0 years, Mean BMI= 19.7±4.6, Mean MVPAmin= 45.1 ± 21.7 
minutes, Mean MVPA% = 7.3 ± 3.3%, Mean PAQ = 3.1 ± 0.7) and cross-validation (n = 50: 25 boys 
and 25 girls; Mean age= 10.7 ± 2.3 years, Mean BMI= 19.0 ± 3.5, Mean MVPAmin = 49.4 ± 25.6 
minutes, Mean MVPA%= 7.8 ± 4.5%, Mean PAQ = 3.1 ± 0.7) groups. Additional descriptive 
analyses conducted on a smaller portion of this sample are described in Saint-Maurice, et al. (in 
review). The discrepancy on the sample size from these two studies is a result of the different 
analytical approaches used for the calibration and validation process.   
Results for the calibration process are first provided by segment of the week (calibration 
group), and then aggregated into school, out-of-school and total week time for validation using 
an independent sample (cross-validation group).  
 
Calibration 
Six different calibration equations were developed and examined separately. Results for 
each equation are described below.  
Physical Education segment. This segment had the highest activity levels. Average 
percent time recorded by accelerometer was equal to 26 ± 15.6% and average PAQ score on item 
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2 was equal to 4.3 ± 0.8. Percent time during PE class was not significantly associated with 
average PAQ score on item 2 (rs = .18, p = .09). Percent time in MVPA at PE was skewed to the 
left, indicating most of the individuals self-reported their activity as being moderate to high 
(PAQ score of 3-5). This distribution did not match with accelerometer estimates of MVPA. 
There was a discrete distinction among different levels of PAQ estimates for this item, and 
despite the disagreement between the linear (solid line) and smooth fit (dashed line) at the lower 
end of this item scores, the linear form seemed the most plausible fit (Figure 1). The linear model 
explained 24.8% of the variance in accelerometer estimates of MVPA and the significant β-
weight of this item, indicated that one unit increase in item 2 was associated with an increase on 
4.9 ± 2.0% increase in accelerometer MVPA% during PE (β = 4.9 ± 2.0, p = .02, R2 = .25). The 
β-weights from both, quadratic and cubic forms of this item were also significant (p < .05). 
Despite the visual indication that the use of spline regression could improve the fit for this item, 
the β-weight from the spline regression model was not significant (p = .26). The final calibration 
equation included age, gender and a linear form of item 2.  
Recess segment. Following PE, this was the second most active segment of the day. The 
average percent time spent during recess was equal to 22.5 ± 24.4% and the average PAQ score 
was equal to 4.1 ± 1.1.  The association between percent time in MVPA and the PAQ item was 
moderate and significant (rs = .43, p < .001). Figure 1 illustrates the distribution of recorded 
recess MVPA levels among PAQ recess scores.  The distribution of recess scores suggested a 
polynomial distribution however, a PAQ score of 2 for this question only had two observations. 
The distribution of mean scores among different levels of this item (excluding PAQ score of 2), 
had small variability until a PAQ score of 4, reflecting a clear increase when this score was equal 
to 5. Statistical examination of the pattern of this item, with age and gender as additional 
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predictors of MVPA%, indicated similar fit for linear (R
2 
= .32), exponential (R
2 
= .34), 
quadratic (R
2 
= .33), cubic (R
2 
= .33) and spline transformation (R
2 
= .34) of item 3.  
Additionally, item 3 was a significant predictor in all models except when used as a linear (β= 
3.71 ± 2.15, p = .09) and spline forms (Q3: β = -0.89 ± 3.25, p = .09; Q3 (4,0): β = 13.77 ± 7.39, 
p = .07). Upon visual examination of figure 1 and statistical results described above, it was 
decided to predict MVPA% at recess using age, gender, and an exponential form of item 3 (β = 
0.1 ± 0.04, p = .02) (Table 3).   
Lunch segment. Average percent time recorded by accelerometer during lunch was equal 
to 9.8 ± 9.9% and average PAQ score was equal to 2.6 ± 1.5. The association between 
accelerometer and PAQ scores was also moderate and significant (rs = .34, p < .001). Similarly to 
the recess distribution, visual examination of this item indicated a less degree of variability 
between accelerometer mean scores per PAQ lunch score, and a clear increase in mean 
accelerometer MVPA%, when the PAQ item was equal to 5 (red dashed line).  Statistical 
analyses indicated no substantial differences among different forms of Q4 (R
2
 ranged between 
.24 and .25). This item was a significant predictor of MVPA% in all forms, except when spline 
regression was used (Q4: β = 0.92 ± 1.19, p = .44; Q4 (4,0): β = 1.94 ± 2.38, p = .42). The 
prediction equation for lunch time was determined using age, gender, and the exponential form 
of item 4 (β = 0.06 ± 0.02, p = .001) (Table 3).   
After-School segment. Participants spent 8.8 ± 5.9% of their time in MVPA during after-
school time and reported an average PAQ score of 3.2 ± 1.3 on item 5. Recorded and reported 
activity during this segment were moderately and significantly associated (rs = .31, p < .001).  
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Figure 2 illustrates a linear trend on accelerometer scores across different levels of item 
5. For most of the trend, the solid line overlaps with the dashed red line indicating that a linear 
regression fits the data well. After fitting different forms of item 5 with age and gender as 
additional predictors of MVPA during after-school time, there was no clear evidence supporting 
one form over another (R
2
 ranged from .35 to .38). Item 5 was a significant predictor of percent 
time in MVPA except when spline regression was used (Q5: β = 0.92 ± 1.19, p = .08; Q5 (4,0): β 
= 1.94 ± 2.38, p = .73). This supports the idea that the relation across all levels of PAQ score for 
this item was linear and therefore, no corrections were needed. The prediction equation for this 
item was set with age, gender and the linear form of PAQ item 5 (β = 1.40 ± 0.32, p < .001) 
(Table 3). 
 Evening segment. Participants spent 7.1 ± 6.5% of their time during evening in MVPA 
and reported an average activity of 3.3 ± 1.0 on PAQ item 6. Accelerometer and self-reported 
activity were significantly associated (rs = .22, p = .03). 
The red dashed line in Figure 2 suggests a linear trend between accelerometer and PAQ 
scores until a PAQ score of 4. There was a plateau at the highest PAQ score on this item, 
suggesting that the linear relationship does not hold across all possible values on item 6. 
Statistical analyses revealed that the fit of the model across different forms of item 6 was higher 
when using spline regression (R
2
 = .24). The PAQ item 6 was only a significant predictor of 
evening activity on the spline regression model (β = 2.01 ± 0.84, p = .02) and the spline 
correction factor supported that there was no further increase in accelerometer values for PAQ 
scores higher than 4 (Q6 (4,0): β = -3.1 ± 2.4, p = .20). The calibration equation for this segment 
included age, gender, a linear form of item 6, and a correction factor for PAQ evening scores 
equal to 5 (Table 3). 
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Weekend segment. This segment had the lowest levels of activity. Average percent time 
in MVPA during the weekend was equal to 7.3 ± 4.8% while participants reported an average 
activity of 3.2 ± 1.2. The relation between the distribution on these two activity indicators was 
significant (rs = .25, p = .002). The relation between accelerometer and PAQ scores for item 7 
was linear until a PAQ score of 4 and seemed to plateau beyond this score. There was no clear 
evidence supporting one form of item 7 over another (R
2
 ranged from .14 to .16) and the β-
weight associated with item 7 was significant for all models, except the when used as an 
exponential form (β = 0.02 ± 0.01, p = .05). Nevertheless, the non-significant β-weight 
associated with the correction factor supported the plateau effect between accelerometer and 
PAQ score higher than 4 (Q7 (4,0): β = -0.8 ± 2.0, p = .67). The final calibration equation for this 
segment of the week included age, gender, and linear form of item 7 (β = 1.28 ± 0.72, p = .04) 
with a correction factor to account for the possible plateau beyond PAQ scores of 4 (Table 2).   
 
Cross-Validation 
The resulting calibration equations were applied to an independent sample of 50 
participants. Weekly predicted minutes of MVPA were estimated separately for in-school, out-
of-school, and total week time. Objective and self-reported activity scores obtained from recess, 
PE and lunch time were added and formed in-school time activity. The same rationale was used 
for time in activity obtained and estimated from after-school time, evening, and weekend time 
segments and items. The equations developed in the calibration step, provide estimates of 
percent time in MVPA that was then converted to minutes of MVPA by multiplying predicted 
%MVPA by total time length of each window of interest (e.g. recess). Total week time was 
obtained by adding in-school and out-of-school minutes of MVPA. 
123 
 
There were 17 participants that did not answer the PE, recess, or lunch item from the 
respective PAQ versions. Therefore, these cases were not included in the validation of school 
time equations (n = 33). The estimated minutes derived from PAQ recess, PE, and lunch time, 
were significantly associated with accelerometer estimates computed from the respective 
segments (β = 0.67 ± 0.17, p < .001; RMSE = 17.3; r (33) = .58, p < .001). The estimates from 
the two instruments were not significantly different (Mean diff. = 3.8 ± 3.1; t (32) = 1.21, p = .23) 
and the 95% confidence interval for group mean predicted values indicated that disagreement 
ranged between -2.6 to 10.2 minutes (-6.6% to +26.0%)  of objectively measured weekly MVPA 
(see figure 3 – inside dashed lines). The Bland-Altman limits of agreement indicated that 
individual error ranged from -31.5 to +39.1 minutes of weekly school MVPA (-80.4% to +99.9% 
of accelerometer values) (Figure 3 - top).  The Pearson correlation between absolute error and 
accelerometer MVPA scores was non-significant (r (33) = .02, p = .90) and therefore supporting 
the homoscedacity of residuals and appropriate calculation of limits of agreement. Residuals 
were normally distributed (AD = 0.27, p > .25) 
Similarly to the school-time sample, there were 17 participants that did not have complete 
answers on out-of-school items (n = 33). Results for out-of-school time were similar to school 
estimates of MVPA; however, the disagreement between the two instruments was larger. 
Accelerometer and PAQ estimates of weekly minutes of MVPA were moderate and significantly 
associated (β = 0.94 ± 0.21, p < .001; RMSE = 123.8; r (33) = .62, p < .001). The mean 
difference between PAQ and accelerometer estimates of out-of-school activity was equal to -15.6 
± 21.2 minutes of weekly MVPA (t (33) = -0.73, p = .47). The relation between residuals and 
accelerometer scores was significant (r (33) = .48, p = .005), however, the Pearson correlation 
was reduced to .09 when three observations greater than 500 minutes/week of accelerometer 
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MVPA were excluded (r (30) = .09, p = .61). Activity at the higher end of accelerometer MVPA, 
or for these three observations, was underestimated by approximately 300 minutes/week. 
Additionally, residuals were normally distributed (AD = 0.45, p > .25) and therefore, it was 
decided to maintain the original scale when determining the appropriate limits of agreement. 
Group mean predicted difference ranged between 58.9 and 27.7 (-22.3% to +10.4%) of 
accelerometer estimated values. Individual-level error ranged from -254.8 and +223.5 minutes of 
out-of-school weekly MVPA (-96% to +84% of accelerometer values) (Figure 3 – bottom).   
School and out-of-school estimates of activity were combined to reflect total minutes of 
weekly MVPA. There were 29 participants with complete PAQ answers on the six items used to 
predict total activity scores (three school items + three out-of-school items). The PAQ and 
accelerometer total minutes of weekly MVPA were moderately associated (β = 0.94 ± 0.22, p < 
.001; RMSE= 131.8; r (29) = .63, p < .001) and had 40% of shared variance (R
2 
= .40). There 
were no significant differences between PAQ and accelerometer minutes of total MVPA (Mean 
diff. = -14.0 ± 24.1; t(29) = -0.58, p = .57). There was a significant association between absolute 
error and accelerometer mean scores of MVPA (r (29) = .44, p = .02); however, this correlation 
was reduced to .13 when four observations with more than 520 minutes/week of accelerometer 
MVPA were excluded (r (25) = .13, p = .52). Further, the Anderson-Darling test of normality 
indicated that residuals were normally distributed (AD = 0.37, p > .25) and therefore, it was 
decided to use the original scale of MVPA estimates (min/week). Group-level differences (95% 
confidence interval) ranged between -63.3 and 35.3 minutes of MVPA (-19.5% to +10.9% of 
accelerometer values). The Bland-Altman confidence band for individual-level estimates 
(standard deviation from the difference between the two measures = 129.6) ranged from -268.0 
to +240.0 minutes of total MVPA (-82.7% to +72.9%).  Figure 4 illustrates the average 
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differences between PAQ and accelerometer estimates of MVPA, during school, out-of-school 
and total week time. 
Discussion 
This study used 6 PAQ items to describe a new calibration approach that can be used to 
obtain minutes of MVPA during school and out-of-school time from questionnaires that include 
context-specific items.  Combined school and out-of-time estimates can be used to estimate total 
minutes of MVPA.  The results found in this study do not imply that the PAQ can be used for 
this purpose, but rather that  this approach should be considered when designing/calibrating self-
report instruments.   
A unique aspect of the analyses is that each PAQ item score was matched with 
corresponding accelerometer-derived activity scores. For example, after-school time was 
examined matching item 5 from the PAQ and average activity recorded from 3:00pm-6:00pm, 
during 5 weekdays. This same procedure was replicated for each PAQ item. From these results 
we found that context-specific scores were able to predict accelerometer activity. Interestingly, 
the recess and after-school segments had stronger associations with respective recorded activity 
(R
2
 equal to .34 and .38, respectively). These time segments might be the most relevant and 
important opportunities to be active, and youth may be better able to recall these bouts. Self-
reported weekend activity had the weakest association with recorded weekend activity. These 
two indicators only shared 16% of their variance. This period required the highest amount of 
time to be recalled (1560 minutes) and therefore, it may have proven difficult to summarize 
activity within such interval of time. Additionally, when compared to other periods of the week, 
children accumulated substantial amounts of activity (56 minutes) however, since this activity is 
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spread throughout a large time interval, it might not be perceived as significant or noteworthy. 
Physical education, lunch and evening segments had similar R
2 
values (.24 -.25). These three 
items had similar ability to predict activity yet, they face different challenges. The lunch and 
evening items ask about activity during less relevant segments for activity. Lunch can be often 
perceived as eating time while evening might be associated with “resting” time, since it’s 
associated with snack or supper. These notions might bias the perceptions that youth have about 
their activity levels during these segments and therefore limit the ability of these items to predict 
accelerometer activity. This issue is reversed in the physical education item. Students might 
perceive this segment as a very active window in the day, however, despite the structured nature 
of this interval, there is still considerable variability in activity levels with some youth more 
active than others. This hypothesis is supported by the distribution of item 2 scores (Figure 1 - 
skewed to left), despite the normal distribution of accelerometer MVPA.   
The aggregation of items 2, 3, and 4, resulted in school activity time, estimated with an 
error of approximately 3 minutes. Items 5, 6, and 7 were aggregated to estimate out-of-school 
activity and predicted activity with an average error of 16 minutes. Activity during this period 
was substantially overestimated for highly active individuals (MVPA > 500 min/week). 
Nevertheless, both school and out-of-school items can be considered as valid indicators of group-
level activity. Total weekly activity can be computed by adding these two estimates. The total 
error ranged from -63.3 to 35.3 minutes of accelerometer MVPA (-19.5% to +10.9%) and highly 
active individuals activity (MVPA > 520 min/week) was substantially underestimated. This 
underestimation effect at the higher end of objectively measured activity can be explained by the 
spline function used to predict evening and weekend activity. While most children do not use the 
full scale appropriately, highly active individuals can perceive themselves as very active and 
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therefore, be “forced” to limit their self-reported activity to a 1-4 scale. While this is problematic, 
it corrects the overall tendency of self-report methods to overestimate youth activity levels. From 
a public health perspective, the decision of which type of error is preferable, is grounded on the 
concept of type I (false positives) and type II errors (false negatives). If one type of error has to 
be selected, a type II error would likely be preferable. This approach has also been discussed 
when calibrating activity monitors, and particularly, defining intensity thresholds using receiver 
operator curves (36).  
The more comprehensive calibration procedure used in this study offers clear advantages 
over a more classic calibration approach used in our previous paper (26). Here we enumerate 
three main advantages of using this calibration method. The major advance with the current 
approach is the ability to estimate activity levels separately for distinct time segments (e.g. 
school vs. out-of-school time). By obtaining estimates of activity separately by segment of the 
day, researchers can obtain a clear understanding of the impact that each portion of the day has 
on total weekly activity.  
Secondly, this approach can provide a more robust estimate of minutes of MVPA from 
the self-report instruments. By using individual segments of the day as the major unit of analysis 
the sample size for this approach was larger when compared to our previous study (n=195 vs. 
148) and therefore, had improved statistical power. This can be explained by the fact that 
participants did not need to have complete accelerometer data on three week and one weekend 
days to be included in the analysis. Instead, compliance was examined by segment of the day 
(e.g. three valid recess periods, three valid after-school periods).  
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Third, the computation of minutes of MVPA can be adapted to a variety of school 
curriculums. The previous calibration equation relies on an average day to estimate weekly 
activity. In other words, an average day is made of one PE class, one recess, one lunch period 
and so on. Student’s schedule may vary, meaning, they only have recess three times a week, or 
PE two to three times a week. Therefore, to provide an accurate measure of weekly activity, 
researchers can use individual calibration equations as described in this study to weight the total 
number of time periods a week and obtain more accurate estimates of MVPA.  
This is the first study to examine the distribution of self-reported activity among several 
segments of the week (PE, recess, lunch, after-school, evening and weekend). This approach 
allows researchers to explore the ability of existent self-report instruments to estimate activity in 
different settings. Importantly, it provides a deep understanding of the relation between activity 
settings and children’s ability to recall activity. This approach and methodology have not been 
previously reported so it would be important for other studies to examine the consistency of 
these findings. From this study, there are important design recommendations that researchers 
could take into consideration when exploring similar interests. One important design feature 
when calibrating self-report methods against accelerometers is that researchers collect activity 
randomly through different periods of the year (e.g. Spring and Fall). This will increase the 
likelihood of capturing both less and more active periods. The calibration approach requires a 
robust distribution of perceived activity among the full scale being calibrated (in this case, the 1-
5 PAQ scale). This was a limitation of the present study, as we relied on previously collected 
data that was collected for surveillance purposes rather than specifically for calibration. Another 
important feature, is the use of a “split” sample technique, in order to appropriately examine the 
utility of newly developed calibration equations. This ensures that the resulting equations can be 
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adequately tested in a separate sample. Additional recommendations for calibration procedures 
have been developed for objective measures of physical activity and should also be employed 
when calibrating self-report instruments (2, 36, 37).   
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Table 1. Compliance criteria for accelerometer segment with respective matching PAQ item.  
Window Days 
Wear  
Time 
Non-wear 
time 
Valid  
Segment 
N valid 
segments 
PAQ 
item 
PE # # 30 min ≥80% 1 Q2 
Recess # # 15 min ≥80% 3 Q3 
Lunch # # 15 min ≥80% 3 Q4 
       After-School M-F 3:00pm-6:00pm 90 min ≥80% 3 Q5 
Evening M-F 6:00pm-9:00pm 90 min ≥80% 3 Q6 
Weekend Sat & Su 8:00am-9:00pm 90 min ≥80% 1 Q7 
# Provided by the school. 
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Table 2. Descriptive information for PE, recess, lunch, after-school, evening and weekend 
segments. 
  Nobs Accelmin Accel% PAQ CPM Duration Nseg 
PE 183 9.3±6.1 27.0±17.6 4.4±0.8 1418.3±761.4 37.2±17.5 2.6±0.6 
Recess 137 3.2±3.7 20.4±23.8 3.9±1.2 908.8±848.8 15.7±7.5 3.8±1.6 
Lunch 176 2.2±2.1 9.5±9.7 2.7±1.5 565.0±351.7 26.4±10.3 4.2±0.8 
        Aft. Sch. 182 16.3±10.8 9.0±6.0 3.1±1.3 555.9±246.3 180.0 4.2±0.7 
Evening 170 15.2±14.7 8.4±8.1 3.1±1.1 501.1±294.4 180.0 4.1±0.7 
Weekend 141 56.9±52.2 7.9±7.0 3.2±1.2 478.9±202.3 780.0 1.7±0.5 
Mean ± standard deviation 
N obs = number of observations (participants) 
Accel min = average minutes of MVPA measured by accelerometer 
Accel% = average percent time spent in MVPA measured by accelerometer  
CPM = average counts per minute 
Duration = average duration in minutes 
N seg = average number of segments (e.g. 2.6 PE classes/week)  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
136 
 
 
 
Table 3. Calibration equations for school (recess and lunch) and out-of-school (after-school, 
evening, and weekend) segments. 
PE 64.0 - (gender X 6.54) - (4.10 X age) + (4.94 X Q2) 
 Recess 107.73 - (0.12 X gender) - (9.76 X age) + (0.1 X e
Q3
) 
 Lunch 23.92 - (4.25 X gender) - (0.89 X age) + (0.06 X e
Q4
) 
 After-School 22.44 - (gender X 2.81) - (1.28 X age) + (1.40 X Q5) 
 Evening 22.45 + (0.37 X gender) - (1.83 X age) + (2.01 X Q6)- (2.01 X Q6pf) 
Weekend 12.13 - (0.41 X gender) - (0.77 X age) + (1.28 X Q7)- (0.85 X Q7pf) 
Q6pf = 0 if Q6 <5 and Q6cf=1 if Q6 equal to 5; 
Q7pf = 0 if Q7<5 and Q7cf=1 if Q7 equal to 5; 
Pf  = plateau factor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
137 
 
 
 
 
 
 
Figure 1. Distribution of PAQ scores on the PE, recess, and lunch items, from top to the bottom, 
respectively. The solid black line indicates a linear fit and the dashed red line represents a 
smooth fit to the data.   
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Figure 2. Distribution of PAQ scores on the afterschool, evening, and weekend items, from top 
to the bottom, respectively. The solid black line indicates a linear fit and the dashed red line 
represents a smooth fit to the data.   
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Figure 3. Relation between PAQ and accelerometer estimates of MVPA at school (top) and out-
of-school (bottom) time. The outside dashed lines represent 95% confidence intervals for 
individual observations, and the inside dashed lines, represents the 95% confidence interval for 
group mean predicted values. The best line of fit is indicated by the solid line. The standard 
deviation of the mean difference between PAQ and accelerometer estimates was equal to 18.0 
and 122.0 minutes of weekly MVPA for school and out-of-school comparisons, respectively. 
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Figure 4. Average, and respective standard deviations, of accelerometer vs PAQ minutes of 
weekly MVPA during school, out-of-school, and total week time. Only participants with 
complete school and out-school data were included in the estimate of total minutes of MVPA. 
Therefore, the aggregation of school and out-of-school time doesn’t match the total number of 
weekly minutes.  
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Abstract 
 
Purpose: The purpose of this study was to validate and calibrate the Youth Activity Profile 
(YAP), a new self-report tool of physical activity and sedentary behaviors for youth. Methods: 
Eight schools in the Midwest part of the U.S. were involved and a total of 343 participants from 
grades 4-12
th
 accepted to wear an accelerometer (SWA Armband) and complete the YAP in two 
separate weeks (5-7 days apart). The YAP asks about activity during specific segments of the 
week therefore, each of these items were matched with %MVPA recorded by the SWA and 
calibrated using quantile regression. Predicted scores obtained from the final algorithms were 
aggregated into 4 composite scores: MVPA at School, MVPA at Out-of-School, MVPA at 
Weekend, and Overall Sedentary habits. YAP estimates of MVPA/sedentary time obtained from 
each composite score were cross-validated using paired t-tests and by examining group- and 
individual-level error. Results: All, except the PE, lunch, before-school, and Sunday items were 
significant predictors of activity (p < .05). When combined, the aggregate estimate of YAP and 
SWA minutes of MVPA accumulated during In-School (Mean diff. = -15.6 ± 6.2 minutes, p = 
.013), Out-of-School (Mean diff. = -3.4 ± 16.6 minutes, p = .84), and Weekend (Mean diff. = -21.7 
± 13.2 minutes, p = .10) were similar and not significantly different. Minutes of sedentary time 
obtained from the two instruments were also similar (Mean diff. = -49.7 ± 23.1, p = .03).  
Conclusion: The YAP is the first self-report tool designed to provide a more comprehensive 
estimate of activity in youth. Minutes of MVPA and sedentary time obtained from the YAP can 
be used to characterize activity patterns in groups of youth.  
Keywords: MVPA, Sedentary, Measurement, Self-Report 
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Introduction 
 
Youth physical activity behaviors can be assessed with a variety of techniques (11). 
Researchers have commonly used advanced monitoring devices to capture ambulatory 
movement (34) or more often, have relied on individuals ability to recall their activities. The 
distinction between these two instruments is clear but the choice of one over the other requires 
careful consideration and often involves a balance between accuracy and feasibility.  
While objective monitoring devices have kept evolving through the use of new 
technologies (6, 38), the same efforts have not been shifted toward self-report instruments (8, 
39). One concern that has steered researchers away from using these instruments is related with 
the lack of accuracy associated with most of these tools. Despite the concerns, it seems that the 
limitations of these tools are acknowledged and the decision on rather favoring the accuracy over 
feasibility is far from being obvious. Instead, researchers/professionals need to be more familiar 
with the different sources of error present in these instruments and challenged to find solutions 
that can fill in the gap between accuracy and feasibility of objective and subjective measures of 
physical activity.     
The objective nature of monitoring devices offers many advantages for field based 
research. However, they also have some clear disadvantages. The monitors are both expensive (~ 
$400 each) and can be burdensome for participants to wear. They are not practical for large scale 
studies and also do not provide information about the context of physical activity. Thus, there is 
still considerable need to develop and refine easy to use self-report measures of physical activity 
(32). 
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A commonly accepted technique used to improve the utility/accuracy of objective 
monitoring devices is to calibrate these instruments against more accurate/proxy measures of 
physical activity (14, 17, 25, 31, 35, 37, 40). This same approach has been pursued with self-
report measures of dietary intake (27, 28) but still need to be explored with physical activity data 
(27). Calibration can lead to similarity between two different scales and maximizes the 
agreement between two instruments by weighting individual differences (line of best fit).  
  
We recently calibrated the Physical Activity Questionnaire (PAQ) a commonly used 
physical activity questionnaire for youth. We found that the PAQ could predict minutes of 
moderate-to-vigorous physical activity (MVPA). The final model was able to explain 40% of the 
variance of accelerometer daily minutes of MVPA in an independent sample (%MVPA = 14.56 
– (0.98 X gender) – (0.84 X age) + (1.01 X PAQ); R2 = .40) with a root mean square error 
(RMSE) of 2.54% (equivalent to a 36% deviation from mean accelerometer estimates). We also 
found no significant differences between predicted and recorded MVPA (Mean diff. = 25.3 ± 18.1 
min; t = 1.4, p = .17). Results supported the validity of the calibration equation to estimate 
MVPA in groups of individuals.  Follow-up analyses were conducted using receiver operator 
curves (ROC) to examine the ability of self-reported activity scores to identify youth that met at 
least 60 minutes of daily recorded MVPA. There was a moderate and significant degree of 
agreement between self-reported and accelerometer proportion of youth meeting PA guidelines 
(AUC = 0.79). Sensitivity was equal to 0.65 and Specificity to 0.74. We concluded that group 
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estimates of total weekly minutes of MVPA can be estimated with reasonable accuracy using 
PAQ scores (see Chapter 2). 
 We also examined if the PAQ could possibly provide separate estimates of in-school and 
out-of-school activity. In this study (see Chapter 3), predicted scores for PE, recess, and lunch 
items were aggregated to provide an estimate of minutes of MVPA during school time. The 
predicted scores for the after-school, evening and weekend estimates were aggregated to provide 
an estimate of minutes of MVPA during out-of-school time. Both School (Mean diff.  = 3.8 ± 3.1; 
t (32) = 1.21, p = .23) and Out-of-school (Mean diff.  = -15.6 ± 21.2; t (32) = -0.73, p = .47) 
composite scores were tested in an independent sample and deemed accurate for estimating 
minutes of MVPA at group-level. Results supported the validity of the calibration equations to 
estimate group-level MVPA in different contexts.  
While the results supported the utility of the PAQ calibration, there are some inherent 
limitations of the PAQ for use in evaluating youth activity patterns. One limitation is that the 
PAQ does not capture some important windows of the day where activity is likely to occur (e.g., 
before school, commuting to school). Therefore, predicted minutes of activity obtained from the 
PAQ would most likely underestimate daily activity. The PAQ also captures total weekend 
activity with a single item but it is likely that activity patterns vary considerably between 
Saturday and Sunday for most youth. Other items on the PAQ overlap and ask about activity 
during similar time frames. For example, question 8 and question 9 of the PAQ-C ask about 
overall levels of activity during the last 7 days. These are useful for evaluating overall patterns 
but they are redundant with other items and therefore not of much value for calibration purposes. 
The last, and perhaps most significant, limitation of the PAQ is that it does not include any 
measure of sedentary behaviors. The consensus in the literature is that sedentary behavior is 
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distinct from physical activity behavior and merits independent evaluation (24, 26, 30, 36). The 
PAQ has considerable utility as a self-report measure of physical activity but it is not ideally 
suited for calibration purposes.  
To address these limitations, we developed a new self-report tool that we named the 
Youth Activity Profile (YAP). The YAP uses some of the existing PAQ items used to assess 
activity at school and at home but eliminates several other items that have been shown to be 
cognitively challenging or psychometrically unsound. The YAP also includes a set of items 
designed to assess sedentary behavior (the Youth Activity Profile is provided in Appendix E). 
While our previous work supported the calibration of the PAQ, it is important to conduct a 
separate evaluation of the YAP. 
Therefore, the purpose of this study was to examine the ability of the Youth Activity 
Profile to measure objective indicators of activity and sedentary behavior in youth. This study 
builds on the previous work and uses separate calibrations for capturing "in school" and "out of 
school" activity (as well as sedentary behavior). However, a number of improvements were made 
in the design to improve the quality and utility of the calibrated data. Objective data on physical 
activity behavior were obtained from the SWA activity monitor instead of the Actigraph. Data 
were also collected across seasons (also balanced by age) in order to capture more variability in 
activity patterns.   
Because the YAP is organized into three sections, each of the sections was calibrated 
separately to provide estimates of time spent in physical activity or sedentary behaviors. We 
hypothesized that the YAP would be sensitive to differences at gender, and season level 
illustrated by significant self-reported and measured activity differences. We also hypothesized 
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that there would be no systematic bias. Lastly, we hypothesized that the YAP would have better 
psychometric properties than the PAQ due to the improved design and processing features (we 
expect that this would be evidenced by higher validation and cross-validation coefficients). 
Lastly, we expected no differences in error across age groups and gender, and no associations 
with activity level, BMI, and season of the year.   
The study evaluated the potential of the YAP to provide accurate estimates of time spent 
in physical activity and sedentary behaviors in youth. If the YAP proves to have good utility, it 
will provide researchers, public health officials and school leaders with an easy-to-use tool to 
estimate the time that youth spend in physical activity and sedentary behaviors. The availability 
of a calibrated tool would enhance research, improve surveillance and also make it possible to 
quickly determine compliance with important federal/state guidelines. The study will determine 
the potential of the YAP to evaluate youth physical activity and sedentary behavior. 
Methods 
 
Participants 
A total of 29 schools in Iowa were contacted to participate in the Youth Physical Activity 
Measurement Study (YPAMS). Eight schools (2 elementary, 3 middle, and 3 high schools) 
agreed to participate and 625 students from 4
th
 to 12th grade were informed about the study and 
received an enrollment package containing both consent and assent forms. This study was 
approved by the Institutional Review Board at Iowa State University.  
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Instruments 
SenseWear Armband 
The SenseWear Armband (SWA) (BodyMedia, Inc., Pittsburgh, PA) is a wireless 
pattern-recognition device that integrates motion sensor data with a variety of heat-related 
sensors, and demographic variables to estimate the energy expenditure. (3). This monitor has 
been tested in children and has been shown to provide accurate estimates of PA and EE in this 
population (2, 10). Results from a recent doubly labeled water study demonstrated error rates of 
less than 11% (9). 
The multi-sensor nature of the monitor provides advantages over traditional 
accelerometry-based monitors. The heat related sensors, for example, provide a better indicator 
of work (and EE) for non-locomotor tasks and activities of daily living (19). An additional 
advantage of the SWA for field-based research is that it automatically detects non-wear time. 
The SWA was initialized with 1-min epochs and data were downloaded using InnerView v6.1 
software. 
 
Youth Activity Profile 
The Youth Activity Profile (YAP) is a self-report instrument designed to capture physical 
activity and sedentary behavior in youth. It was based conceptually on the time based structure of 
the established Physical Activity Questionnaire for Children (PAQ-C) and the related tool for 
Adolescents (PAQ-A) (4, 13, 20, 21). The PAQ has been well received in the literature since it 
provides an easy way to capture activity behaviors in youth but it is limited by the inconsistent 
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item formats, the lack of useful outcome score and different versions by age. The YAP was 
developed to overcome these limitations and facilitate use in school-based assessments. 
The YAP was designed to be a self-administered 7-day (previous week) recall 
questionnaire suitable for use in children grades 4-12. The structure for some items maintains the 
conceptual flavor of the PAQ but the individual items were changed to improve calibration. 
Additional items were added and a whole category of sedentary time was developed. The YAP 
includes a total of 15 items divided into three sections: 1) Activity At School, 2) Activity Out-of-
School, and 3) Sedentary Habits. Items in the At School section capture participation in MVPA 
during 5 specific windows of the day (transportation to and from school, as well as activity 
during physical education, lunch, and recess). Items in the Out-of-School section include activity 
before school, activity right after-school, activity during the evening, and activity in each 
weekend day (Saturday and Sunday). Sedentary items, ask about time spent watching TV, 
playing videogames, using the computer, using a cell phone, and also include an overall 
sedentary time item. The final version of the YAP was subject to pilot testing and cognitive 
interviews were performed with similarly aged participants in order to refine the final items. The 
final version is available in Appendix E. 
The scoring procedures used in the YAP are similar to what is used in the PAQ. Each 
YAP section was developed to provide a composite score. Therefore, items for each dimension 
are averaged to reflect the composite score of the respective dimension. For example, items from 
the Activity at School (question 1 through 5) are averaged to provide an indicator of activity in 
school. Therefore, the higher the respective dimension score the higher are the expected activity 
levels/sedentary time at that same dimension.  In this study, we used the paper version of the 
Youth Activity Profile (YAP). However, an online version of the YAP has also been developed 
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to facilitate use in schools (see screen captures in Appendix F – Screen Captures of the Online 
Youth Activity Profile).  
 
Design and Procedures 
Data were collected during a full academic year (Fall and Spring semester) and 
counterbalanced among elementary, middle and high school participants. Data were collected in 
classroom groups and each group was assessed twice (two weeks) with a 5-7 day interval (see 
Study Design Report in Appendix A). At the first visit of data collection, participants were 
provided with instructions on how to wear the SWA monitor and were given an activity log and 
asked to record activities during non-wear periods. 
The following week, they returned the monitor and were provided with a copy of the 
YAP to complete. Upon completion of the YAP, participants were asked to visit with a staff 
member and YAP answers were examined individually, using specific recall probes (see 
Appendix G – Youth Activity Profile: Administration Instructions). The probes helped to ensure 
that students understood the questions and were responding based on their actual behavior and 
not typical behavior or interests.   
 
Data Processing 
The Youth Activity Profile scores in each item were first examined individually and later 
(after calibration and conversion to minutes of activity/sedentary time), summed to reflect 
activity levels during school and home environment.  Questions 11 through 15 (Sedentary 
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section) were averaged to create a composite score and matched with accelerometer sedentary 
time recorded during afterschool,evening, and weekend windows.  
 
The SWA accelerometer data were downloaded from the InnerView software v6.1., 
exported in 1 minute intervals, and processed using SAS v9.2. Just as in study 2, data from the 
YAP was temporally matched with accelerometer data processed from the same respective 
windows of time. Accelerometer data was first screened for abnormal/missing energy 
expenditure values and processed using comprehensive data reduction procedures. Participants 
were given an activity log and asked to record activities during non-wear periods. These 
activities were imputed in the raw data set using recommended procedures (16). A matching 
MET value was obtained from the compendium of physical activities and available literature (18, 
33). Detailed procedures for SenseWear Armband data are available in the Study Design Report - 
Appendix A. 
The SWA activity monitor produces absolute and relative estimates of energy 
expenditure (METs and ml/kg/min, respectively). However, the specific algorithm used to 
produce estimates of physical activity has not been disclosed to researchers so it is not possible 
to fully describe the computation process associated with PA estimates from the SWA.  
Minute-by-minute predicted METs generated by the SWA were classified into minutes of 
activity and categorized as MVPA if ≥ 4.0 METs. Sedentary time was defined if METs were 
<2.0. A brief report is included at the end of this manuscript and justifies the selection of 2.0 as 
opposed to the standard definition of sedentary activity (1.5 METs) (see Appendix D - 
Classifying Sedentary Activities in Youth).   
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Data Analyses 
Anthropometric measures (height, weight and computed BMI percentiles using Centers 
for Disease and Control and Prevention growth charts) and sample size information were first 
computed and followed up by detailed calibration and cross-validation analyses. 
The different windows of activity were defined as the units of observation and later 
aggregated into independent estimates of MVPA and sedentary time in the cross-validation 
phase. An additional report describing activity trends obtained from the two instruments is 
available in the Appendix section (see Appendix B – Descriptive Analyses Report).  
 
Calibration Analyses 
Activity segments of the week were defined as the unit of observation and therefore, 
screening and calibration procedures were performed separately for each activity window 
resulting in a total of 10 regression models (i.e., transportation to school, recess, lunch, PE, 
transportation from school, afterschool, evening, before school, Saturday and Sunday) . Item 
scores that had 5% or less of the total observations considered for analysis were considered to be 
too infrequent and  were excluded from analyses. We were particularly concerned with the lack 
of scores in the middle of the scale. For example if the after-school item only had 5 observations 
out of 100 that selected option 3, then this point of the scale was considered misrepresented and 
these observations were excluded. This ensured that there was sufficient data to be generalizable. 
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The dependent variables were the daily percent time spent in MVPA and the percent time 
in sedentary behavior while age, gender, and the matching YAP item, were defined as 
independent variables. Similarly to study 1 and study 2, percent time in activity was preferred as 
the outcome variable in order to improve the external validity of the calibration algorithms 
obtained. If minutes of activity were to be used as the outcome variable the final algorithm 
would be limited to the duration of the activity windows obtained in this study.  
Age and gender are known to be related with physical activity levels and were added into 
the regression models to improve the external validity of the estimates. Data from week one were 
used in this phase. If week one data was missing, then data from week two were used. This 
approach was preferred in order to maximize our sample size and improve the robustness of the 
algorithms obtained.   
 
Data were screened for outliers (defined as ±2.5 standard deviations away from the mean) 
and the validity of each item was first examined using Spearman correlations. This indicator 
measures the extent to what each YAP item and respective accelerometer segment ranked 
activity similarly. Based on the results from study 2 (see chapter 3), it was expected that some of 
the relations would be non-linear. Therefore, possible non-linear trends were taken into account 
using spline regression procedures (see more in Data Analyses section of Calibration Analyses 
Report in Appendix C). The final model was considered relevant and included in the cross-
validation phase if the unstandardized beta-weight of the YAP item, after entering age and 
gender in the model, was significantly different from 0 (p < .05). However item slopes with 
borderline significant p-values (p < .10) were still included in the cross-validation phase. Items 
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with β-weights at p > .10, were considered for inclusion in the cross-validation phase if the 
intercept from the respective model was significantly different from 0 when fixing the respective 
YAP item at his median score (X YAP = 3.0) and age and gender at their average scores. This 
finding would be indicative of important residual activity during the respective window. 
Regression models were generated using quantile regression, set at the 0.5 quantile 
(median) and the β-weights were tested using the Wald test. Confidence intervals were obtained 
using the bootstrap method and significance was set at an alpha of .05.  
The robustness of the model was examined by inspecting any possible associations with 
relevant covariates as detected by Pearson correlations greater than .30. These included: age, 
gender, weight status (healthy weight, overweight, or obese), group of assessment, date 
completed (i.e., completion study date, coded as the month of assessment: e.g., December was 
coded as 12), season (Winter or Non-Winter season), total number of valid activity segments, 
average accelerometer wear time, and accelerometer percent day wear. Systematic bias was also 
examined using Pearson correlations obtained from Bland-Altman plots. Additional checks 
included visual examination of heteroscedascity and normality of residuals. 
 
Cross-Validation Analyses 
The final regression models were used to predict daily percent time in MVPA/sedentary 
time using week two activity scores. Data was screened for outliers and predicted scores were 
converted into weekly minutes of activity/sedentary following the five steps below: 
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1) The predicted percent MVPA score was multiplied by the respective segment wear time 
(e.g. Recess activity = Predicted daily percent MVPA during recess X Recess wear time). 
2)  Estimated minutes of activity per segment were multiplied by 5 if obtained from: 
transportation to/from school, recess, or lunch and by 2 if obtained from PE item. These 
estimates were aggregated in order to reflect In-School Activity accumulated during a full 
week (5 days); 
3) Estimated minutes of activity were multiplied by 5 if obtained from: before-school, after-
school, or evening items. These estimates were aggregated in order to reflect Out-of-
School activity accumulated during a full week; 
4) Estimated minutes of activity were multiplied by 1 if obtained from Saturday and Sunday 
items. These items were aggregated in order to reflect Weekend Activity accumulated 
during the week; 
5) Estimated minutes obtained from the sedentary algorithm were multiplied by 5 in order to 
reflect minutes of sedentary time accumulated during Out-of-School time. These 
estimates were used independently.  
Steps 2 through 4 relate to sections I and II of the YAP while estimates obtained in step 5 
relate to section III of the YAP. The validity of each YAP section estimate and total MVPA was 
examined using paired t-tests and by computation of respective group and individual error. 
Group- and individual-level error were computed using 99% confidence intervals for the mean 
difference and using procedures described by Bland & Altman (7), respectively. Lastly, 
differential error was examined using two-way ANOVAs with residual scores (MVPA YAP – 
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MVPA SWA) as the dependent variable and age group and gender as independent variables. 
These analyses were done to determine if the source of error was associated with any of these 
factors. Adjusted means were significantly different than 0 if p was < .01. All analyses were 
done using SAS v9.2. 
Results 
 
There were 291 participants (135 elementary, 67 middle, and 89 high school participants; 
128 boys and 163 girls) with valid activity estimates in at least one of the segmented activity 
windows. Additionally, there were 147 participants with valid Non-Winter data and 144 
participants that had their data collected in the Winter. The overall distribution of age groups and 
gender between the two seasons was approximately balanced. On average participants wore the 
accelerometer for 8.8 hours a day during a week day (528.4 minutes) and for 12.8 hours during a 
weekend day (768.7 minutes). This was equivalent to approximately 87.3% and 85.6% of the 
total time they were expected to wear the monitor at the defined activity windows (e.g. after-
school). Detailed descriptive information by age group is provided in Table 1. 
When stratified by week of assessment, the final compliant sample (with at least one 
valid segment of activity) was equal to 252 participants at week 1 and 221 participants at week 2 
(for more detail see Participant Flow section of Study Design Report in Appendix A). Average 
indicators of compliance were similar among the two weeks of data collection.  
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Calibration 
Week one activity scores were used to calibrate the YAP. Activity estimates from week 2 
were used instead if week 1 estimates were not available. This resulted in a total of 291 
observations used in the calibration phase. Spearman correlations between each pair of recorded 
and reported activity ranged from .01 to .24 for school segments and .02 to .33 for out-of-school 
segments. The ability to rank activity similarly was higher, during the transportation to school (rs 
(207) = .24, p < .001) and after-school periods (rs (242) = .33, p < .001). The lowest associations 
were found for lunch (rs (225) = .01, p = .90) and before school time (rs (195) =.01, p = .86). 
Combined percent time in sedentary behavior recorded during the after-school and evening 
segments was moderately correlated with the YAP sedentary composite score (rs (190) = .47, p < 
.001). When examined separately, correlations with each sedentary item ranged from .02 to .46. 
Reported videogame had the lowest association with percent sedentary time (rs (190) = .02, p = 
.78) while reported cell phone use had the strongest association with this indicator (r (190) = .46, 
p < .001). 
Data were first subject to a graphical representation of the association between each item 
and SWA activity. Plotting the data helped determine which form (function) of the YAP score 
would be more appropriate to better describe recorded %MVPA. These were considered 
supplemental analysis/results and were done to complement the findings described below (see 
Calibration Analyses Report in Appendix C).  
 
Section I: School Activity 
All School activity items were significant predictors of daily percent time in MVPA 
except the Lunch item (β = 1.38 ± 1.85, p = .46). However, the intercept for this item was tested 
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(with age and gender set at their average score and YAP lunch set at a median score of 3) to 
determine if level of activity during this time period was different than 0. The intercept estimate 
was equal to 17.4 ± 3.1 and deemed significant (p < .001) indicating that there was some residual 
activity accumulated during lunch. Residual activity was therefore predicted setting the lunch 
YAP score at a median value of 3. The β-weight associated with reported scores on the Physical 
Education (PE) item was borderline significant (β = 8.92 ± 4.88, p = .07). Upon visualization of 
the data, the recess and PE item were non-linearly related with respective SWA scores. These 
specific algorithms were adjusted using spline regression to account for this non-linear relation 
and by incorporating a plateau factor in each of these models (Table 2).   
Upon examination of residuals for each model, there was no evidence of differential bias 
among additional possible covariates (e.g., BMI percentile, date completed, wear time, etc) for 
all the items except for recess. Date completion of the study was positively correlated with 
residuals computed from this period (r (160) = .34, p < .001).  This indicated that error was 
increased for data collected later in the year (e.g. December). There was no evidence of 
heteroscedasticity, and residuals were normally distributed for all the items suggesting that error 
was homogeneously distributed across different levels of activity accumulated at school. 
Average error as indicated by the root mean square error (RMSE) ranged between 8.9% (Lunch) 
and 28.9% MVPA (PE). In other words, %MVPA could be estimated during PE with an average 
error of 28.9 units (defined in % time). The final algorithm for each school activity items is 
provided in Table 2 along with their respective root mean square error. 
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Section II: Out-of-School Activity 
Items from the Out-of-School section were similarly explored and used to predict daily 
%MVPA during respective out-of-school segments. All of these were significant predictors of 
activity except the Before School (β = -2.83 ± 1.68, p = .09) and Sunday items (β = 0.76 ± 0.69, 
p = .27). Additional test of the intercept for the Sunday calibration algorithm indicated that there 
was significant residual activity accumulated during this period (Intercept = 7.8 ± 1.1, p < .001) 
and therefore it was decided to set the β-weight for this item at a median score of 3. Similarly to 
the recess and PE school items, both the evening and Saturday items were adjusted for non-linear 
relations found for this activity segments.   
Upon examination of residuals for each model, there was no evidence of differential bias 
among other possible covariates (e.g., BMI percentile, date completed, wear time, etc), no 
evidence of heteroscedasticity, and residuals were normally distributed. Average error ranged 
between 4.9% (Sunday) and 10.3% (After-School). The final algorithms for these items are 
available in Table 2.    
 
Section III: Home Sedentary 
In this section, the daily percent sedentary time during after-school and evening periods 
were used as the outcome variable. The videogame item was not related with percent sedentary 
time (rs (190) = .02, p = .78) therefore, a composite YAP score for this section did not include 
this item.  
The YAP composite score (β = 9.88 ± 2.40, p < .001) was a significant predictor of 
recorded percent time in sedentary and there was no evidence of differential error, 
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heteroscedascity, or violations of normality. The RMSE for this section was equal to 12.3% 
(Table 2). 
 
Cross-Validation 
Week two activity scores were used to cross validate the YAP. For these analyses, the 
algorithms obtained in the calibration phase were used to estimate minutes of activity and 
sedentary time in the replicate assessments for each individual. There were 161 participants with 
valid replicate data on at least one segmented window of activity. The algorithms available in 
Table 2 were developed to predict percent time in activity per segment of the day/week (e.g., PE 
class). In the cross-validation phase, minutes of activity per segment were obtained by 
multiplying the predicted score by the amount of time (in minutes) each participant wore the 
accelerometer. For example, a participant with a predicted score of 35% and an average wear 
time of 40.0 minutes during PE would have an estimated 14 minutes ((35/100) X 40.0 minutes) 
of MVPA per PE class. The estimated number of minutes was then converted to an estimate of 
weekly activity by multiplying this value by the total expected number of segments per week. 
The total number of segments per week was equal to 2 for PE, 5 for transportation to school, 
recess, lunch, transportation from school, after-school, and evening. Estimates obtained from 
Saturday and Sunday algorithms were given a weight of one since these periods only occur once 
a week.  Similarly to the structure provided in the calibration phase, aggregated scores were 
computed for in school activity (section I), out-of-school activity (section II), and weekday out-
of-school sedentary time (section III). 
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  Section I: School Activity 
Disparities between predicted and recorded daily minutes of school activity segments 
ranged from -1.88 to +0.68 minutes. Once aggregated into weekly estimates, recorded activity 
was equal to 155.5 ± 68.9 minutes of MVPA while predicted activity was equal to 139.9±64.3 
minutes of MVPA.  The two estimates were moderately correlated (r (99) = .58, p < .001) 
(Figure 1 – Panel A) and they were not significantly different (Mean diff. = -15.6 ± 6.2 minutes; t 
(98) = -2.53, p = .013) (Figure 2). Average group-level error was equal to -10.0% and expected 
to range between -20.0% and +0.3% of objectively measured minutes of weekly school activity.  
Individual –level error ranged between -87% and +67% of SWA activity measured during school 
time. 
There was no evidence of heteroscedascity as indicated by a non-significant correlation 
between absolute residuals and measured SWA activity (r (99) = .13, p = .20) and no presence of 
systematic bias as indicated by visualization of the Bland-Altman plot (r (99) = -.09, p = .40). A 
visual representation of individual level agreement is provided in Figure 1 (Panel A) while a 
better representation of group-level agreement is provided in Figure 2. Follow-up analyses 
examined group-level agreement by age group There was a significant effect of age group (F (2, 
95) = 10.85, p < .001) and post-hoc comparisons revealed that bias was significantly increased in 
high-school participants. Error in high school participants was equal to -55.3 ± 10.4 minutes (p < 
.001) but reduced to 2.2 ± 7.9 and1.1 ± 14.1 minutes when assessing elementary and middle 
school participants, respectively (Figure 3). There was no significant effect for gender (F (1, 95) 
= 0.08, p = .77). 
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  Section II: Out-of-School Activity - Week 
Error among predicted estimates during out-of-school activity windows ranged between -
10.7 to +5.1 minutes of MVPA. These estimates were aggregated to provide separate indicators 
of weekly (computed as: Before School MVPA+ After-School MVPA+ Evening MVPA) and 
weekend (computed as:  Saturday MVPA + Sunday MVPA) activity outside of the school 
setting. Recorded activity outside of school during the week was equal to 277.4 ± 155.3 minutes. 
Predicted scores based on the YAP were similar and equal to 280.8 ± 69.1 (Mean diff. = -3.4 ± 
16.6 minutes; t (89) = 0.21, p = .84). Recorded and predicted activity scores were not 
significantly correlated (r (89) = .19, p = .07) suggesting poor individual-level agreement. 
Group-level error was equal to -1.2% and ranged between -14% and +17% of SWA MVPA 
while individual-level agreement ranged from -112.4% to +110% of measured activity. Similarly 
to the previous section, group-level and individual level graphical representation are provided in 
Figure 4 and Figure 1 – Panel B, respectively.  
The correlation between absolute residuals and SWA activity was not significant (r (90) = 
.20, p = .06) indicating there was no evidence of heteroscedascity. The correlation between 
residuals and average activity as suggested by Bland & Altman method was equal to -.68 (p < 
.001) which suggests the presence of systematic bias. Therefore, magnitude of error was 
balanced across activity levels however, active participants MVPA was systematically 
underestimated while the opposite was true for less active participants.  
Follow-up analyses indicated that the effect of age group on bias was borderline 
significant (F (2, 86) = 3.10, p = .05). Error was particularly increased in middle school 
participants (104.5 ± 44.5 minutes of MVPA) but equal to -14.6 ± 21.1 and -16.1 ± 31.7 minutes 
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in elementary and high school participants, respectively (Figure 5). Error was similar among 
boys and girls (F (2, 86) = 1.35, p = .25).   
 
Section II: Out-of-School Activity - Weekend  
Out-of-school activity was also aggregated into weekend activity estimates. These two 
items predicted activity with an error of -10.6 and -9.4 minutes of MVPA (Saturday and Sunday, 
respectively). When combined, the composite score for weekend activity was equal to 171.6 ± 
103.3 and 149.9 ± 58.7 minutes of SWA and YAP activity scores, respectively (Mean diff. = -21.7 
± 13.2 minutes; t (65) = -1.65, p = .10) (Figure 6). These two estimates were not significantly 
correlated (r (66) =.22, p = .08) (Figure 1 – Panel C). Group-level error was equal to -12.6% with 
a 99% confidence interval of -33% and +8.0%. Individual error ranged between -134.9% and 
+109.6% of SWA values.   
Absolute error obtained from this segment was positively correlated with measured 
activity scores (r (66) = .55, p < .001) indicating that error was increased in more active 
individuals. Residuals were also negatively correlated with average activity (r (66) = -.52, p < 
.001). This indicated that activity was underestimated at higher activity level scores and vice-
versa.  The combination of these findings indicated that error in more active individuals was 
large and negative (underestimated) while error in less active participants was decreased but 
positive (overestimated).  
Further analysis indicated that there was no differential error among different age groups 
(F (2, 62) = 2.60, p = .08) however, average error was increased among high school participants 
(Figure 7).  The magnitude of error was similar among boys and girls (F (1, 62) = 1.90, p = .17). 
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  Section III: Sedentary Time 
Objectively measured sedentary time during out-of-school on weekdays was equal to 
989.4 ± 372.7 minutes while YAP predicted this estimate to be equal to 939 ± 242.3 minutes 
(Mean diff. = -49.7 ± 23.1; t (115) = -2.15, p = .03) (Figure 8). SWA and YAP estimates of 
sedentary time were strongly correlated (r (116) = .75, p < .001) (Figure 1 – Panel D). Group 
level error was equal to -5% and ranged from -11.1% to +1%. Individual level error ranged from 
-54% to +44%.  
Absolute residuals were not correlated with SWA activity estimates (r (116) =.13, p = 
.17) but there was evidence of systematic bias. The correlation between residuals and average 
activity from SWA and the YAP was moderate and equal to -.56 (p < .001). These findings 
indicate that error was similar among individuals (despite their activity level) but activity levels 
were systematically overestimated/underestimated at the lower and upper end of the activity 
spectrum, respectively.   
Bias was significantly different among age groups (F (2, 112) = 8.42, p < .001) and 
significantly higher among middle school participants (Mean = -209.0 ± 52.0 minutes) (Figure 
9). There was no gender effect on error (F (1, 112) = 3.64, p = .06). 
Discussion 
 
This study described a comprehensive self-report tool developed to quantify MVPA and 
sedentary time in youth from 4
th
-12
th
 grades. The Youth Activity Profile was developed to 
quantify activity and sedentary levels in specific periods of the week. The distinction between 
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school and out-of-school activity levels was of particular interest so this tool can be later used by 
school professionals. This task was accomplished and presented here through a series of different 
development and evaluation phases. After developing and piloting the Youth Activity Profile 
(YAP), this instrument was set for calibration and validation using a robust design and analytical 
plan. There are four design improvements that are worth mentioning. 1) Replicate data were 
obtained from 343 youth aged 9-18 years across different seasons and subject to advanced data 
reduction procedures to ensure high quality data. 2) Additionally, data were collected in groups 
of 15-20 participants at the time and each participant had to go through a recall quality check in 
order to guarantee that participants were appropriately using contextual information elicited by 
YAP items. 3) Another important feature of this study design was the counterbalanced order of 
data collection among participants of different ages and at different seasons. The calibration of 
physical activity self-report tools can benefit if scores being calibrated vary across a large 
spectrum of activity levels. 4) Finally, detailed school schedule information was collected from 
each school involved in the study and therefore, we were able to determine each participant’s 
daily schedule over a two week period. The complexity of this task cannot be underestimated 
since the school curriculum (e.g. Physical education, recess) in the US is very diverse. Late starts 
and early outs from school were taken into account, as well as field trips that occurred during 
data collection. With this approach we were able to capture important windows of activity. 
Follow-up analyses indicated that we were able to capture 94% of the total MVPA that occurred 
between approximately 7:00AM and 10:00PM.  
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Calibration  
During the calibration phase, each YAP item was matched with the respective window of 
activity collected by the SWA, and examined separately. Just as in chapter 2, percent time in 
MVPA/Sedentary per segment was used as the outcome measure in order to improve the external 
validity of the calibration algorithm and at the same time account for differences in non-wear 
time. Calibrating the YAP using minutes of activity as the outcome measure, would imply that 
future estimates of activity would be constrained to have a duration equivalent to each window 
of activity used in the calibration study. Thus, percent time is a better outcome measure for 
calibration.   
The majority of the items were found to be significant predictors of recorded activity 
after controlling for age and gender (exceptions were for the periods capturing lunch, before 
school and Sunday). The β-weight for Physical Education was borderline significant (p = .08). 
Similarly to the findings from chapter 2, several items (e.g. recess, PE, Evening, and Saturday) 
could not discriminate activity at the higher end of the spectrum and therefore, these scores were 
modeled to account for the plateau beyond certain YAP scores. Sedentary scores from the YAP 
were calibrated using objectively measured sedentary time accumulated during after-school and 
evening periods. Items 11, 13, 14 and 15 were averaged and calibrated against SWA scores. Item 
12 was not included since this item was not correlated with SWA sedentary time. The β-weight 
from the YAP composite score was also significant.  
 
Cross-Validation 
Upon calibration, algorithms were cross-validated using replicated activity collected 5-7 
days after week 1 assessments. Compliance rate during this week was similar to week 1 (252 vs. 
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221 participants in week 1 and week 2, respectively) suggesting the quality of the data was 
similar between both calibration and cross-validation samples. The notion of group- and 
individual level accuracy is rather important at this point. There are inherent challenges 
associated with physical activity assessment at the individual-level. Instead, most physical 
activity tools can characterize activity in groups of individuals with a reasonable degree of 
precision. Take the example of a physiologic parameter that has been used to identify activity 
patterns. There is research showing that heart-rate can lack accuracy when identifying bouts of 
activity at the individual-level. However, this tool has shown to be accurate when used to 
classify activity in groups of individuals (15, 22).  The concept of group-level accuracy implies 
that estimates obtained from a certain tool when averaged across different individuals provide a 
good representation of activity level for that group. This level of accuracy can be achieved even 
though the activity level from each individual composing this group is rather imprecise (e.g. 
underestimated or overestimated). If error from each individual is balanced in the two directions 
(positive and negative; meaning activity for some will be overestimated and for others 
underestimated), the average score will approximate true group-level estimates of activity.  
Therefore, individual-level agreement can improve the ability of a tool to estimate activity 
however, lack of individual agreement should not rule out the possibility that instruments can 
characterize activity in groups. Therefore, in addition to common individual-level agreement 
indicators (e.g. Pearson correlations, R
2
), group-level indicators of agreement (e.g. group mean 
differences, average equivalence testing) are essential when calibrating tools, such as self-
reports, known to be very imprecise at the individual level (12).  
In the cross-validation phase, the algorithms obtained in the calibration phase were used 
to estimate minutes of activity for each segment. The results were weighted and aggregated in 
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order to reflect school, out-of-school time, and weekend activity time. Estimates of sedentary 
time were computed using the same procedure as described in the calibration phase. The 
aggregation of five items that asked about activity during school was a part from SWA minutes 
of MVPA by 15.6 ± 6.2 minutes and with an average group-level error of -10.0%. Similar 
findings indicated non-significant differences between out-of-school SWA and YAP scores. 
Average error was equal to 1.2% (-3.4 ± 16.6 minutes) while sedentary time had an average error 
of -5% (-49.7 ± 23.1 minutes). Predicted activity during the weekend had an average error equal 
to -12.6% or -21.7 minutes (p = .10) and error ranged between -33% and 8%. These upper and 
lower bounds of agreement are substantially higher and illustrate the challenges when assessing 
activity accumulating during the weekend. Self-report tools elicit recall skills that are more 
challenged when individuals have to recall longer periods of time. The total amount of time to be 
recalled was greater for the weekend segment (total of 1800 minutes). Additionally, the Saturday 
item was a significant predictor of activity while the Sunday item β-weight was non-significant. 
Measured activity on Saturdays and Sundays were very similar however, activity patterns on 
Sunday might be harder to recall since relies more on unstructured activity. Structured activity, 
such as participation in sports most likely occurred on Saturdays and therefore, might be easier to 
recall. In other words, if physical activity does not provide a meaningful stimuli to an individual, 
the behavior will likely not capture the individual’s attention and therefore will not be stored for 
future recall (5, 23).  Nevertheless, the combination of Saturday and Sunday estimates was still 
within reasonable agreement for group-level weekend activity.     
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Clinical Significance  
These estimates can be combined to reflect weekly activity. A good example of the 
potential of estimated weekly activity is the ability to identify children that meet current physical 
activity guidelines (e.g. 60 minutes a day) (29). Supplemental analyses identified individuals that 
met current physical activity guidelines based on SWA and YAP scores. Aggregated minutes 
obtained from YAP items found to be significant predictors of activity (all except, Lunch, Before 
School, and Sunday) could identify 70% of children not meeting recommended guidelines 
(Sensitivity = 0.70). Additionally, 69.2% of individuals meeting current guidelines were also 
correctly identified by YAP estimates (Specificity = 0.69). These indicators are similar to what 
we found in our previous work with the PAQ (see chapter 2). A similar approach was done to 
examine the ability of school-related YAP items to identify children that meet 30 minutes of 
daily activity during school time. The Institute of Medicine (IOM) has recommended that 
schools should provide opportunities for youth to accumulate at least half of the daily 
recommended physical activity (e.g. 30 minutes) (1). Sensitivity and Specificity associated with 
this cutpoint were equal to 0.76 and 0.61, respectively. These estimates are very reasonable and 
provide schools the ability to determine compliance with recommended IOM activity levels.  
 
Limitations  
This study showed that the YAP can estimate group-level estimates within a very 
acceptable range of error (average error ranged from -5% to -12%). However, there are some 
concerns that require further work. First and similarly to our previous work, we found that in all 
sections (except for the YAP School section), combined activity/sedentary estimates tend to be 
overestimated at the lower end of activity while activity levels of more active youth tend to be 
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underestimated. Systematic error (bias) is often associated with reports of “undesired” behaviors 
(27) and therefore the ability to correct for this type of error is rather challenging. Additionally, 
we also found some evidence of differential error. Error from in school YAP estimates was 
increased in older participants (high school participants; average error = 36%). Future work is 
needed to create more robust prediction models for this age group. Thus, school routine of high 
school participants was very inconsistent and therefore, it might be challenging to obtain precise 
estimates of school activity windows in this population. Error associated was also increased in 
middle-school participants for both out-of-school (Mean diff. = -101.3 ± 48.9 minutes; effect size 
for this mean difference was equal to 0.6) and sedentary estimates (Mean diff. = -209.0 ± 52.0 
minutes; effect size was equal to 0.8). Finally, we also acknowledge that the calibration 
algorithms were examined in the same group of individuals that were used for calibration, even 
though using different weekly activity scores. Therefore, the algorithms obtained from this study 
need to be tested and if needed, refined on an independent sample of youth.  
 
Conclusion 
In conclusion, the YAP can accurately estimate activity levels in groups of individuals; 
however, error might be significantly increased in subgroups of youth (e.g. middle school 
students). The utility of the YAP can be improved if additional work is done to refine items that 
were shown to have limited predictive ability of recorded activity. We have done additional work 
and plan on to modify some of these items. An alternative version of items to predict activity 
during the weekend is available in the Appendix (see Appendix H – Alternative YAP Items for 
Weekend). Results support our research hypothesis and show that the YAP can be used to 
accurately estimate activity in different contexts (school and out-of-school settings). 
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Additionally, this self-report tool can also provide accurate estimates of group-level sedentary 
time. We anticipate that more items can be included in order to obtain sedentary time 
accumulated during weekend days. Different features of this study make this study unique and 
therefore should be considered in the future when calibrating self-report tools for physical 
activity.  
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Table 1. Descriptive information by age group.  
 
N Age Height Weight BMIPCT
1
 
Wear Time 
Week
2
 
Wear Time 
Weekend
3
 
Expected 
Week
4
 
Expected 
Weekend
5
 
Elementary School 135 9.7±1.0 143.0±7.7 37.9±10.4 60.1±28.0 529.4±7.0 759.4±49.9 615.9±35.2 900 
Middle School 67 11.7±0.8 155.4±6.5 49.7±13.6 61.9±31.5 513.3±6.2 766.3±36.6 582.0±27.2 900 
High School 89 15.7±1.2 167.3±10.7 64.1±12.7 66.3±26.1 542.8±17.4 780.3±63.1 616.4±69.6 900 
1 BMI percentiles; computed as recommended by the Center for Disease and Control 
2 Average time (in minutes) per week day that participants wore the accelerometer 
3 Average time (in minutes) per weekend day that participants wore the accelerometer 
4 Average total duration of week day in minutes; note that only data from specific windows of activity during the day were used for analysis; also note that 
schedules were not similar among participants therefore the total duration expected varied to some degree. 
5
 Total duration of weekend day in minutes; this value was equal to 900 minutes and didn’t have any variability since weekend days were set for 15 hours 
duration (7:00AM to 10:00PM) and equal among all participants. 
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Table 2. Calibration algorithms and average error for School, Out-of-School, and Sedentary YAP sections.  
Segment Final Regression Model RMSE 
Transportation to School 33.90039 + (2.8322 X YAP) - (1.0417 X Age) - (6.5278 X Gender) 12.1 
Recess -21.7955 + (42.5926 X YAP) + (0.2478 X Age) - (8.1818 X Gender) - (39.094 X YAPpf) 19.8 
PE 27.7886 + (8.9197 X YAP) - (1.6412 X Age) - (4.6965 X Gender) - (8.9197 X YAPpf) 28.9 
Lunch 46.1803 + (1.8305 X 3) - (2.38 X Age) - (3.1579 X Gender) 8.9 
Transportation From School 16.0378 + (7.7665 X YAP) + (0.1495 X Age) + (0.8462 X Gender) - (4.1207 X YAP X Gender) 13.4 
   
Before School 17.9037+(4.0928 X 3)-(3.3857 X GENDER)-(0.2296 X AGE) 7.2 
After-School 7.2292+(3.7649*YAP)+(0.1629 X Age)-(4.2957 X Gender) 10.3 
Evening 9.5826+(2.592 X YAP)-(0.2756 X Age)-(1.4178 X Gender)-(2.592 X YAPpf) 7.1 
Saturday 20.4934 + (0.1803*e
YAP
) - (0.8104 X Age)-(3.2276 X Gender) - (23.2277 X YAPpf) 6.2 
Sunday 16.3591 + (2.4714 X 3) - (0.4732 X Age) - (4.7479 X Gender) 4.9 
   
Sedentary 7.9435 + (9.883 X YAP) + (2.8352 X Age) + (5.106 X Gender) 12.5 
RMSE = Root Mean Square Error; pf = plateau factor
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Figure 1. Relation between measured and predicted minutes of moderate-to-vigorous PA during 
school (A), out-of-school (week - B) and out-of-school (weekend - C).  Panel D illustrates the 
relation between measured and predicted minutes of sedentary activity. The line of best fit (solid 
black line) and respective 95% confidence interval (dashed black line) are provided.   
 
 
 
 
 
A B 
C D 
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Figure 2. Average estimates of recoded and predicted MVPA for weekly activity at school 
(segmented by window of activity).  
 
 
 
Figure 3. Average SWA and YAP estimates of weekly MVPA for elementary, middle and high 
school participants. Average estimates were segmented by school activity windows.  
* Significantly different with p < .01.  
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Figure 4. Average estimates of recorded and predicted MVPA for weekly out-of-school activity 
(segmented by window of activity).  
 
 
Figure 5. Average SWA and YAP estimates of weekly Out-of-School MVPA for elementary, 
middle and high school participants. Average estimates were segmented by respective activity 
windows. # Borderline significant with p < .05. 
32.7 
58.4 
136.7 
125.0 
108.0 97.5 
0 
50 
100 
150 
200 
250 
300 
350 
400 
450 
SWA Out-of-School YAP Out-of-School 
M
V
PA
 (m
in
u
te
s/
w
ee
k)
 
Evening 
After-School 
Before School 
0 
50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
SWA YAP SWA YAP SWA YAP 
  Elementary   
School  
  Middle                
School 
High                                                     
School 
M
V
PA
 (
m
in
u
te
s/
w
ee
k)
 
Evening 
After-School 
Before School 
# 
181 
 
 
 
 
Figure 6. Average estimates of recorded and predicted MVPA for weekend out-of-school activity 
(segmented by window of activity).  
 
 
Figure 7. Average SWA and YAP estimates of weekend MVPA for elementary, middle and high 
school participants. Average estimates were segmented by respective activity windows. # 
Borderline significant with p < .05.  
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Figure 8. Average estimates of recorded and predicted weekly sedentary time at out-of-school.  
 
 
Figure 9. Average SWA and YAP estimates of sedentary activity for elementary, middle and 
high school participants. * Significantly different with p < .01). # Borderline significant with p < 
.05.  
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CHAPTER 5. CONCLUSION 
 
The line of research presented in this dissertation led to significant improvements in our 
work with self-report tools and culminated with the development and calibration of the Youth 
Activity Profile. The utility of different calibration approaches for self-report assessments of 
physical activity were described. Self-reported activity was consistently associated with 
measured activity levels obtained from two different types of accelerometers, and approximately 
600 participants aged 4
th
-12
th
, from two different states in the US.  
 
Results from the three studies indicated that individual agreement ranged from -134.9% 
to 130.4% and average group mean differences ranged from -12.6% to 9.7% of objectively 
measured activity levels. The results from the three studies were consistent. Moreover, the 
degree of error associated with both the PAQ and the YAP differed and therefore, this is worth 
mentioning.  
We conducted supplemental analyses in order to examine the accuracy from both 
instruments. Accuracy was defined as average mean difference between accelerometer and the 
estimates obtained from each self-report instrument. Mean differences were converted to 
absolute values and a separate Weekend score for the PAQ was computed in order to match the 
same structure of the YAP. These results indicated that average group error was higher for the 
PAQ than the YAP in the Out-of-School time segment (3.9% vs. 1.2%, respectively). However, 
the opposite was true for the weekend segment with the PAQ yielding less error than the YAP 
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(8.8% vs. 12.6%, respectively). Interestingly, error was very similar for in-School activity (PAQ 
= 9.7%; YAP = 10.0%) (Figure 1).  
Follow-up analyses also examined the precision of estimates obtained from each 
instrument when predicting activity during these same time periods. Precision was defined as the 
width of the 99% confidence interval of mean difference scores (e.g. SWA – YAP School; 
Actigraph - PAQ School). The lower bound of this confidence interval was subtracted from the 
upper bound and the absolute value was used to represent the error variability associated with 
each time segment.  A large confidence interval (lower and upper bound spread apart) would 
indicate that error can vary substantially and therefore, the estimate obtained might not be 
precise. We found a consistent trend, suggesting that the PAQ estimates were less precise than 
estimates obtained from the YAP. Figure 2 shows that error variability was higher in the PAQ 
for all the segments of interest.  
It would be tempting to suggest that we have improved our ability to estimate group level 
activity in youth, however, error from the two instruments were obtained using different 
procedures. The PAQ was cross-validated in an independent sample while the YAP was cross-
validated in the same individuals but different assessments.  To what extent the difference in 
procedures might explain the discrepancy between errors obtained from the two instruments is 
not known. However, it is noteworthy that the calculated precision from the YAP for School and 
Out-of-School was twice the precision obtained from the PAQ. This improvement seems 
unlikely to be due solely to the differences in design per se.   
We expected that having 5-7 days between assessments would lead to some variability in 
activity levels from week 1 to week 2. Average minutes of daily MVPA at week 1 and week 2 
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were only modestly correlated (Week day: r (43) = .32, p = .03; Weekend day: r (47) = .43, p = 
.002). This suggests that the YAP produced accurate estimates in the same individuals despite 
changes in their activity levels.  
 
Future Research 
The history of self-report instruments is long and deserves special consideration. Most of 
what is known regarding the relation between physical activity and health relied on assessments 
done with these instruments. This shows that activity captured by these instruments has inherent 
value but it is also true that efforts to improve self-report instruments of physical activity would 
likely prove worthwhile. The low cost and ease of use make self-report measures the most 
feasible approach for assessing physical activity profiles  in large and diverse groups of 
individuals (1).  
We have helped to fill this need by developing and calibrating the Youth Activity Profile 
(and by creating a parallel online version of this instrument). With the online version of the YAP, 
we are positioned to deploy the YAP in over 1000 schools in the US. The calibration algorithms 
developed in this study will be incorporated into the online tool to facilitate systematic 
evaluation of physical activity patterns in a nationwide sample of youth. There is definitely more 
to come, and the next step is to refine the YAP algorithms by testing these algorithms in a new 
independent sample. Additionally, it is still not clear to what extent the validity of estimates 
obtained from the YAP paper version might be affected when an online version is administered 
instead. We have lined up some future work that will answer these two research questions.    
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Figure 1. Absolute group error for the PAQ and YAP when predicting School, Out-of-School, 
and Weekend activity.  
 
Figure 2. Error variability for PAQ and YAP by segment of the week.  
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APPENDIX A - STUDY DESIGN REPORT 
 
Introduction 
 
This report complements the “Methods” section described in chapter 4 (study 3). Detailed 
information regarding computation of sample size required for the study, data collection 
procedures, data reduction decisions used to process SWA data and participant flow across the 
different phases of the study are provided below.   
Participants 
A total of 29 schools in Iowa were contacted to participate in the Youth Physical Activity 
Measurement Study (YPAMS). Eight schools (2 elementary, 3 middle, and 3 high schools) 
agreed to participate. An estimated sample size was initially defined for a multiple regression 
with random factors, with three predictors for the full model (age, gender and YAP score) at 
alpha of 0.05 and power equal to 0.9. Based on preliminary work, the expected variance 
accounted for with the full model at the population level was set at 0.35 while the reduced model 
was set at 0.25. Using these specifications, the sample size required was equal to 71 participants. 
Since the goal of this study was to test the calibration of the YAP separately for elementary, 
middle and high school students, this number was multiplied by three.  In addition, it was also 
expected that 15% of this sample (n=32) would not be included in the final data analysis either 
due to poor compliance in wearing the monitor (failing screening procedures) and/or malfunction 
of activity monitors. Therefore the total final sample required was equal to 245 participants 
(approximately 80 participants per age group). We expected a participation rate between 40%-
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50% and therefore, 625 students from 4th-12th grade were informed about the study and 
received an enrolment package containing both consent and assent forms.   
Design 
A research team (2 members) from the department of Kinesiology at Iowa State was 
trained and assisted the project coordinator in visiting the schools, explaining the protocols, 
distributing and collecting the activity monitors and administering the completion of the Youth 
Activity Profile (YAP).  
Data were collected during a full academic year (Fall and Spring semester) in order to 
capture a Fall, a Winter, and a Spring season. In order to assess seasonal change in activity 
levels, while controlling for age differences, the order of grades (elementary, middle, and high 
school grades) for data collection was counterbalanced (at each season, data was collected in 
elementary, middle and high school participants, in a distributed and counterbalanced order). 
Data were collected in classroom groups and each group was assessed twice. Each assessment 
was defined as a measurement cycle.  
1st measurement cycle: In the first visit (September), the research team arrived at the 
school 30 minutes before the school started (7:30 am). The study was explained to students in 
class and students were asked to wear one activity monitor (SenseWear Armband) and were 
given instructions on how to wear these. In addition, a log sheet was provided to students so that 
non-wear time could be recorded. Anthropometric measures were collected after instructions 
were provide and included, height and weight. The second visit occurred after seven days of the 
first visit (e.g. if the first visit was on a Monday, the second visit was on the following Tuesday). 
On the second visit, the research team arrived at the school 30 minutes before school started, 
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collected the monitors and asked students to complete a paper version of the YAP. Assistance 
was provided during the completion of the YAP. Upon completion of the YAP, participants were 
asked to visit with an YPAMS staff member and YAP answers were examined individually, 
using specific recall probes (see Appendix – Youth Activity Profile Questionnaire). The probes 
helped to ensure that students understood the questions and were responding based on their 
actual behavior and not typical behavior or interests.   
2nd measurement cycle: The first two visits described in the “1st Measurement Cycle” 
were repeated at each grade (classroom), meaning in the 3rd visit, the same students that 
underwent the 1st  cycle of data collection were provided with the monitors again, and in the 4th 
visit, monitors were collected and students asked to complete a paper version of the YAP. There 
was 7-10 day interval between the two measurement cycles (see timeline for this study in Figure 
1A). 
Data Processing 
Accelerometer data was initially fragmented into different windows of time (using 
participants weekly schedule information obtained directly from schools  and pre-defined time 
blocks for weekdays after-school, evenings, Saturday, and Sunday periods – see Table 1A) that 
matched each item from the YAP questionnaire (e.g. recess, lunch, after-school, evening, etc). 
Schools provided a log that described the time frame for each of the windows of interest. For 
example, 1-minute estimated energy expenditure during recess time (identified by the log that 
started at 11:10am and finished at 11:30am) was extracted from each weekday of data collection 
and aggregated into a single dataset for following analyses. The same procedure was performed 
for transportation to school, lunch, physical education, transportation from school, after-school, 
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evening, and also for Saturday and Sunday. Detailed compliance procedures are described in the 
next paragraph. 
Compliance was specific to each window of analyses. Aggregated 1-minute activity 
counts greater than 30 METs were considered as an abnormal indicator of activity and therefore 
were excluded from the dataset. Non-wear time activities obtained from the logs were imputed in 
the raw data sets and given a matching MET value obtained from the compendium (2, 3). The 
respective MET value was assigned for half of the duration of the total non-wear time block (1). 
Further, individual windows of time with less than 80% of the total window time, were 
considered none-representative and therefore were not included in further data analysis. For 
example, if the recess time window had the duration of 15 minutes, participants were required to 
have 12 minutes of valid data in order to have that period included in further analysis. 
Participants were also required to have at least three valid periods of each window of interest in 
order to be representative of that window activity.  Participants were required to have at least 1 
Physical Education, Saturday, and Sunday valid segments. Participants that did not complete the 
YAP were also excluded from the analysis. These steps were done to improve the quality of the 
data. Table 2 illustrates average compliance indicators for participants included in the calibration 
phase.  
 
Each dataset was processed independently and estimates were aggregated into a single 
dataset after the processing was complete.  
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Participant Flow 
There were 291 participants (135 elementary, 67 middle, and 89 high school participants; 
128 boys and 163 girls) with valid activity estimates in at least one segmented activity window. 
Additionally, there were 147 participants with valid Non-Winter data and 144 participants that 
had their data collected in the Winter. The overall distribution of age groups and gender between 
the two seasons was approximately balanced.  
When stratified by week of assessment, the final compliant sample (with at least one 
valid segment of activity) was equal to 252 participants at week 1 and 221 participants at week 2. 
The total number of participants assigned to calibration phase was equal to 305 while 168 were 
assigned to the cross-validation phase (see Participants Flow Chart in Figure 2A).   
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  Table 1A. Weekly schedule used to segment the accelerometer data.  
 
*”Start” and “Stop” School time was obtained from schools (e.g. Start at 8:15 AM-3:30 PM). 
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Table 2A. Compliance among each activity window.  
  N Wear Time Duration
1
 Wear Time %
2
 N of valid segments 
Transportation To School 226 24.0±2.5 80.1±8.5 3.6±0.5 
Recess 162 25.4±10.0 98.1±10.6 4.4±0.8 
PE 210 44.3±32.0 89.5±5.8 1.4±0.7 
Lunch 263 23.0±5.3 87.1±9.7 4.2±0.7 
Transportation From School 268 25.1±2.2 83.6±7.3 4.4±0.8 
     Before School 190 52.7±2.6 87.9±4.3 3.6±0.5 
After-School 249 126.1±29.6 82.7±4.9 4.2±0.8 
Evening 202 217.6±9.1 90.7±3.8 3.6±0.5 
     Saturday 132 767.2±53.4 85.2±5.9 1.0±0 
Sunday 134 770.4±55.6 85.6±6.2 1.0±0 
1 Indicates average number of minutes of valid use per day. 
2 Indicates average percent wear time per segment and is computed as wear time/total duration. 
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Figure 1A. Gant chart illustrating the timeline and design for data collection. Each rectangle represents two measurement cycles.  
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Figure 2A. Flow chart of participants.   
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APPENDIX B – DESCRIPTIVE ANALYSES REPORT 
 
Introduction 
This report describes activity trends obtained from both SWA and YAP scores in chapter 
4. This section provides additional information about the agreement between the two instruments 
by describing trends in %MVPA obtained from the SWA and YAPS raw scores.  
Methods 
Data Analyses 
Activity trends were examined separately for each instrument. Age, gender, and seasonal 
activity trends were examined using three separate three-way analyses of variance (ANOVA) 
with SWA (daily %MVPA and daily %Sedentary) and YAP raw scores as the outcome variables. 
Data collected between September and November were coded as the Non-Winter season, while 
participants that had data collected during November and March was coded as the Winter season.  
The parallel examination of activity trends using both accelerometer and YAP outcomes 
were conducted to provide an initial crude association between the two instruments while 
describing the general activity patterns of the study population. Other than attempting to provide 
a full description of activity levels, these supplemental analyses were conducted to examine if 
both instruments could detect similar patterns in the data. This report used combined activity 
scores across the two weeks of available data.  
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Results 
The top graph in figure 1B – top, shows that younger children were more active during 
recess (Mean Elementary School = 64.6% ± 2.4%; Mean Middle School = 57.9% ± 4.1%) while high school 
participants were more active during PE (Mean = 35.5% ± 3.8%). Activity levels from 
elementary school participants were lower right before school (Mean = 12.5% ± 1.1%) while 
middle school participants spent proportionally less time in activity on Saturday (Mean = 7.9% ± 
2.0%). High school participants were less active on Sunday (Mean = 10.4% ± 1.3%). Results 
obtained from the YAP revealed (Figure 1B – bottom) that elementary and middle school 
students reported being more active during recess (Mean Elementary School = 4.0 ± 0.1; Mean Middle 
School = 3.2 ± 0.2). High school participants reported activity was higher during PE (Mean = 3.6 ± 
0.1). When examining the other end of activity spectrum, we found that children from 
elementary grades were reported less activity at commuting to school (Mean = 1.6 ± 0.1). Self-
reported activity from high school participants was lower when commuting from school (Mean = 
1.4 ± 0.1). Middle school children reported activity was lower during lunch (Mean = 1.6 ± 0.1).   
 
Tests of mean differences were computed to examine age group, gender and season 
differences. Age group comparisons revealed significant age group main effects for all segments 
of the week except for transportation to school (p = .09), transportation from school (p = .12), PE 
(p = .93), before school (p = .16), and evening (p = .18). Similar comparisons using YAP activity 
scores, also found significant age trends for all segments except for transportation to school (p = 
.72), and transportation from school (p = .49). There were also no significant differences on YAP 
scores for the lunch item (p = .76), and YAP scores were borderline significant on the Saturday 
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item (p = .06). Post-hoc comparisons indicated that the two instruments found similar trends on 
activity accumulated during after-school and Sunday periods (Figure 1B).  
Gender comparisons using %MVPA obtained from the SWA indicated that boys were 
more active than girls except on Sunday (p = .05) however, analogous comparisons using YAP 
activity scores indicated that boys were more active than girls only during recess (p < .001) and 
before school time (p = .03).  
Recorded activity levels measured by SWA were significantly lower during the Winter at 
after-school (p < .001), before school (p = .02), PE (p < .001), and weekend (Saturday: p = .03; 
Sunday: p = .01). The same trends revealed inconsistent findings when using YAP as the 
outcome variable. YAP scores during Winter were lower for PE (p = .03) but significantly higher 
than the Non-Winter season when commuting to and from school (p = .04 and p = .004, 
respectively).  
These same descriptive analyses were replicated using percent time in sedentary obtained 
from the SWA during after-school and evening time, and YAP sedentary items. Figure 2B 
indicates that there was a similar linear trend in both SWA sedentary time and computer use, cell 
phone use, and overall sedentary habits reported in the YAP. Older participants spent more time 
in sedentary behaviors and interestingly, also reported more time of computer/cell phone use/in 
overall sedentary behaviors, than their younger peers (p < .05). There were no visible trends 
among sitting and videogame time related items. Age group post hoc analyses are available in 
Figure 2B.  
Girls spent more time than boys in sedentary activities, as indicated by the SWA, during 
both after-school (p < .001) and evening periods (p = .001). There were mixed findings on 
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reported YAP scores. Boys reported significantly higher amount of sitting time (p = .03) and 12 
(p < .001) and there were no significant gender differences on the remaining YAP items (p > 
.05). There was no effect of season on both recorded and reported sedentary time (p > .05).  
Conclusions 
This report provides a description of activity trends among each of the segments of the 
week. Both instruments indicated that overall, elementary children were more active than their 
older peers and that activity tends to be higher during recess and PE. Age group differences were 
similarly detected by the two instruments during the after-school and weekend (Saturday and 
Sunday) periods. Similar analyses of sedentary time indicated that high school students spent 
more time in sedentary behaviors as indicated by the SWA and make more use of the computer, 
and cell-phone. Overall sedentary habits were also significantly higher in this group. These 
results suggested that the two instruments were indirectly related however, the YAP was not 
always able to identify significant differences obtained from the SWA.  
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Figure 1B. Percent time MVPA (top) and respective YAP activity scores (bottom) among 
elementary, middle and high school students. *Indicates significant differences with p < .05. 
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Figure 2B. Percent time in Sedentary (top) and respective YAP activity scores (bottom) among 
elementary, middle and high school students. *Indicates significant differences with p < .05. 
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APPENDIX C – CALIBRATION ANALYSES REPORT 
 
Introduction 
This report provides additional detail to the calibration analyses presented in chapter 4. It 
also includes additional figures that illustrate the relation between each item and respective 
activity accumulated during each segment. As this section describes, these graphical 
representations were used to make decisions regarding the final algorithms presented in chapter 4 
(study 3).    
Methods 
Data Analyses 
After screening the data, and examined the association of each item with respective SWA 
activity analyses were followed by a graphical representation of the agreement between each pair 
of activity indicators using smooth curves and a line of best fit. Based on the results from study 
2, it was expected that most of the relations would be non-linear. Therefore, lack of overlap 
between these two lines would suggest non-linearity and therefore, the presence of knots. Non-
linear trends were taking into account using spline regression procedures.  
Results 
Section I: School Activity 
As already described in chapter 4 all School activity items were significant predictors of 
percent time in MVPA except the Lunch item (β = 1.38 ± 1.85, p = .46). Figure 1C shows the 
relation between each activity item and SWA activity from the respective segment. Graphical 
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representation of these items suggested that both PE and recess item were non-linearly related 
with %MVPA. Percent MVPA increased as PE scores increased however, there was a plateau at 
a score of 4.0.  YAP recess scores had a similar pattern, but scores tended to plateau at a score of 
2.0. These non-linear trends (defined as knots) were adjusted using spline regression. Joint points 
were set at a value of 4.0 for PE and a value of 2.0 for recess. This adjustment factor allowed for 
the combination of two different slopes in the same model. The β-weight associated with each 
factor was equal to -12.10 ± 10.89 (p = .27) (PE) and -38.54 ± 18.48% (p = .04) (recess). The 
direction of the β-weights (negative β-weights) indicates a significant attenuation in the change 
of recorded activity scores beyond a YAP score of 2 or 4 for these items. In case of the PE item, 
the plateau factor was set at the value of the original YAP slope for this item (β = 8.92). This 
would be a better reflection of the plateau at higher YAP scores as oppose of penalizing children 
with higher YAP scores as it is suggested by the PE plateau β-weight (β = -12.10).  
Gender was only a significant predictor of %MVPA during transportation to school time 
(β = -0.97 ± 0.52, p = .03) while age was not a significant predictor in any of the models (p > 
.05).  
 
Section II: Out-of-School Activity 
Items from the Out-of-School section and their relation with %MVPA are described in 
Figure 2C. Similarly to School activity items, all of these were significant predictors of activity 
except the Before School (β = -2.83 ± 1.68, p = .09) and Sunday items (β = 0.76 ± 0.69, p = .27). 
Figure 2B shows a linear relation between recorded and reported activity scores between a score 
of 1 and 4 for both evening (β = 2.59 ± 1.0, p = .01) and Saturday, however, an exponential form 
of the Saturday scores was preferred (β = 0.18 ± 0.09, p = .04) to account for the lack of overlap 
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between the solid black line and red dashed line. Scores higher than 4.0 were not associated with 
a higher %MVPA score and therefore spline regression was used to account for plateau in both 
these items (β plateau = -5.39 ± 3.46, p = .12; β plateau = -23.23 ± 12.0, p = .06, for evening and 
Saturday items, respectively).  
Gender was a significant predictor of %MVPA during both after-school (β = -4.30 ± 
2.05, p = .04) and before school (β = -3.39 ± 1.67, p = .04) periods. Age was not a significant 
predictor in any of the models (p > .05).  
 
Section III: Home Sedentary 
As mentioned in chapter 4, the videogame item was not related with percent sedentary 
time therefore, a composite YAP score for this section did not include this item.  
Both the YAP composite score (β = 9.88 ± 2.40, p < .001) and age (β = 2.84±0.72, p < 
.001) were significant predictors of recorded percent time in sedentary. The β-weight for gender 
was borderline significant (β = 5.11 ± 2.97, p < .09).  As figure 3C suggests, the relation between 
recorded and self-reported sedentary time was fairly linear and therefore, suggesting that there 
was no need for further adjustments. The dashed red line seems to plateau at higher YAP scores 
however, there were not enough observations to support this trend.  
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Figure 1C. Box plots illustrating the 
association between SWA and respective 
YAP item score for School activity items. 
The solid black line represents the line of 
best fit with respective 95% confidence 
intervals, while the dashed red line fits a 
smooth curve across the distribution of 
scores. The lack of overlap between these 
two would suggest a non-linear trend 
relation between percent time in MVPA 
and YAP scores.  
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Figure 2C. Box plots illustrating the 
association between SWA and respective 
YAP item score for Out-of-School activity 
items. The solid black line represents the 
line of best fit with respective 95% 
confidence intervals, while the dashed red 
line fits a smooth curve across the 
distribution of scores. The lack of overlap 
between these two would suggest a non-
linear trend relation between percent time 
in MVPA and YAP scores.  
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Figure 3C. Box plots illustrating the association between SWA and respective YAP item score 
for Home sedentary items. Recorded sedentary time was computed used combined after-school 
and evening data while YAP score was computed averaging items 11, 13, 14, and 15. The solid 
black line represents the line of best fit with respective 95% confidence intervals, while the 
dashed red line fits a smooth curve across the distribution of scores. The lack of overlap between 
these two would suggest a non-linear trend relation between percent time in sedentary and YAP 
scores.  
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APPENDIX D - CLASSIFYING SEDENTARY ACTIVITY IN CHILDREN 
 
Introduction 
Researchers have used a traditional definition of light (1.5-3 METS), moderate (3-6 
METs) and vigorous activity (>6 METs) values to identify how children allocate their time into 
different activity intensities. The standard definition of activity intensities relies on the 
assumption that a resting EE in most individuals is equal to 1 MET (3.5 ml/kg/min) (2-5). 
Therefore, moderate activity intensity would be classified as any activity that elicits 3 times more 
the energy of a resting state. This might be true for adults, but has raised some concerns in youth-
related research.  Harrel and colleagues (2005) found that resting EE in children and adolescents 
(8-18 years) can range from 1.2-1.7 METs and therefore supported the idea that standard activity 
cutpoints need to be adjusted for these ages (1). The cutpoint for moderate intensity has received 
particular attention in the field, and there is now some consensus that moderate activity in 
children and adolescents is best characterized by a relative intensity of 4 METs (2-5).  
However, much less attention has been dedicated to an appropriate energy expenditure 
cutpoint for sedentary activities in youth. There is a possibility that an upper limit of 1.5 METs 
used to classify sedentary activity also needs to be adjusted in order to capture most of the 
activities that would be deemed to be considered sedentary. An optimal cutpoint for sedentary 
activity was particularly important for this study since the last section of the YAP was designed 
to provide an estimate of sedentary time in this population. 
The purpose of this secondary data analysis was to determine the most appropriate EE 
cutpoint (in METs) for sedentary activities. Data from 59 children aged 7-13 years collected at 
210 
 
 
our lab in the Summer of 2011 as part of a larger project was ideally suited for this research 
question. Details of the design of this study are provided in the next section. 
Methods 
Design 
Participants performed 12 activities randomly selected from a set of 24 activities that 
would mimic “free-living” activities in children. The 12 activities included a range of different 
intensities (i.e. sedentary, light, moderate and vigorous) and they were completed in a semi-
structured manner to capture natural variation in physical activity. Each activity was performed 
for 5 min, with a 1-min resting period between them. A portable metabolic analyzer (i.e. Oxycon 
Mobile) was worn on each participant to measure oxygen consumption (i.e. VO2).  
 
Data Processing 
Minutes of activity were classified as “sedentary” or “active” based on pre-selected 
activities. Energy expenditure obtained during transition of activities was not included in the 
analyses.   
 
 
Data Analyses 
Initial analyses computed average EE values for aggregated minutes of sedentary and 
“active” minutes (Figure 1). These first analyses only reflect average scores and therefore might 
not be a valid representation of EE. Therefore, these were followed by Receiver Operator 
Characteristic (ROC) curves to determine the most accurate cutpoint that could discriminate 
between sedentary and active minutes of activity (Figure 3). This procedure is more sensitive to 
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variability in the data and therefore, was thought to complement the descriptive information 
provided by average scores. The utility of the cutpoints obtained from the ROC analysis for 
sedentary activity was examined by classifying minute-by-minute EE as sedentary using both 
traditional and the new cutpoint obtained from this study (1.5 METs and the new MET value, 
respectively). The agreement between the two sedentary classifications was determined using 
kappa scores.     
Results 
The mean value for sedentary was equal to 1.7 ± 0.2 METs and the standard deviation 
indicates as expected that this value fluctuates and therefore, can be higher.  Nevertheless, Figure 
1D shows that average EE during sedentary activities seems to be higher than the traditional 
cutpoint of 1.5 METs, used in adults. 
Results indicated that the most appropriate cutpoint would be 2.2 METs (AUC = 1.0, Se 
= 0.98 and Sp = 1.00, p < .001) (see Figure 2D). While this cutpoint would be ideal, the 
threshold (2.2 METs) can be considered too high and is likely that would misclassify light 
intensity in a different sample of participants (e.g., older participants). Upon examination of the 
literature, measured EE during sedentary activities in samples of youth seem to range between 
1.0 - 2.4 METs, especially when considering sedentary activities that might occur while 
standing. The highest MET values were in younger children but MET as high as 1.9 as been 
observed for 12-14y old while playing video games while standing (4). Therefore, the cutpoint of 
2.2 METs was used as the optimal value and compared to a lower threshold of 2.0 METs and 
also the standard cutpoint of 1.5 METs  
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Kappa scores associated with the traditional cutpoint of 1.5 METs was low (kappa = 0.3) 
and agreement was considerably improved when using a cutpoint of 2.0 METs (kappa = 0.9). 
Even though this value is lower than the optimal cutpoint found in step 2, it provides excellent 
agreement with pre-defined activities (Se = 0.92, CI: 0.81 – 0.97; Sp = 1.00, CI: 0.98 – 1.00) 
(Figure 3D).   
Conclusions 
Based on these results and additional literature review, the traditional cutpoint for 
sedentary activity (1.5 METs) might not be appropriate for children. ROC analyses revealed that 
an optimal threshold would be 2.2 METs, however, this value was obtained in a younger sample 
(7-13y) and a more conservative cutpoint of 2.0 METs can possibly account for lower EE 
expected at older ages without compromising the ability to identify minutes of sedentary activity 
in younger children. 
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Figure 1D. Mean scores and respective standard deviations for sedentary and active minutes of 
activity.   
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Figure 2D. ROC curve for “sedentary” vs. “active” minutes of activity.  
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Figure 3D. Kappa scores for two different sedentary cutpoints.  
 
 
 
 
 
 
 
 
 
 
 
 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 
<1.5 <2 
K
ap
p
a
 
Sedentary cutpoint (in METs) 
217 
 
 
 
APPENDIX E – YOUTH ACTIVITY PROFILE 
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Thanks for completing the survey  
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APPENDIX F – SCREEN CAPTURES OF THE ONLINE YOUTH 
ACTIVITY PROFILE  
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General Questions Page 
  
  
223 
 
 
Screen Capture of the Youth Activity Profile Report  
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APPENDIX G – INSTRUCTIONS MANUAL PROVIDED TO STAFF 
 
YOUTH ACTIVITY PROFILE QUESTIONNAIRE 
“ADMINISTRATION INSTRUCTIONS” 
 (PEDRO SAINT-MAURICE, 02/14/2012) 
 
“Good morning! I’m ___________ and I’ve brought __________ with me today. We’re from 
Iowa State University and are here to measure your recent physical activity. We are going to ask 
you to complete a questionnaire that asks you what did in the past 7 days. There are a couple of 
things we need to teach you before we give you the survey. They include: what are the days you 
will need to remember, what type of activity the questionnaire will be asking you about, and 
some extra tips to help you remember what you did during those days. 
 
While one person from the staff is explaining these concepts to the class, the other 
is checking if you have all the material in order and ready to go. Here is what you 
need to check: 
 
Make sure you have the following forms for each participant: 
. YAP survey (3 pages) 
. Physical Activity Monitor Log (1 page) 
. YAP Administration Instruction 
 
 Finally, check if you have entered the participant’s ID in the YAP survey and on the PA Monitor 
Log. 
  
Just follow the instructions below during the administration of the YAP. 
 
 
1- Before you start handling the surveys to participants… 
STAFF INSTRUCTIONS: Before you give the survey there are four important concepts that 
you will need to explain to participants: Time Frame, Description of Activity, and Guidelines 
for Recall. These are related to what you told the class you were going to explain. 
 
1.1 Provide specific instructions about the survey: 
 
This is a three page questionnaire that will ask you about your activity in the last 7 days.   
 
Time frame: Ask the participants to point in a calendar what day of the week is today. Secondly, 
ask the child to point what days of the week were they wearing the activity monitors.  Once the 
participants have correctly identified the 7 days, tell the participants that the questionnaire will 
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be asking about they’re activity levels during those days, therefore, they will need to recall what 
they did during that time. 
 
Description of Activity: This questionnaire only asks you about moderate-to-vigorous activity.  
 
Elementary: 
The Youth Activity Profile will ask you about the time you spend being active (both in school and 
out of school) and the time you spend being sedentary.  
 Physical activities are things that involve a lot of walking, running or moving around. It 
includes biking and dancing as well as sports or outdoor play that involves a lot of 
moving around.  
 Sedentary activities are things such as watching TV, or playing video games, computer 
games, or hand-held games that you do in your free time. It does NOT include the time 
you spend sitting while eating or while doing homework. 
Most questions will ask you only to think about the last 7 days but a few questions will ask about 
what you typically do (on a normal week). There are no right or wrong answers so provide 
honest answers. 
 
 
Middle School: 
The Youth Activity Profile will ask you about the time you spend doing physical activity (both in 
school and out of school). It will also ask about the time you spend doing sedentary things.  
 Physical activities refer to activities such as walking, biking, running, or playing active 
games. It also includes structured exercise or sport activities that involve a lot of physical 
movement. 
 Sedentary activities refer to activities such as watching TV, playing video games, 
computer games or hand held games. It includes time spent using a phone to talk or text 
with friends but NOT include time you spend sitting while eating, doing homework or 
playing musical instruments. 
 
Most questions will ask you to report about your activities in the last 7 days but a few questions 
will ask you to report what you typically do (on a normal week). It is important to answer the 
questions as honestly as possible. 
 
High School: 
The Youth Activity Profile will ask you to report the amount of time you spend doing physical 
activity (both in school and out of school). It will also ask about the amount of time you spend 
doing sedentary things. 
 
 Physical activities refer to recreational activities such as walking, biking or dancing. It 
includes fitness activities like running, swimming, aerobics and weight lifting. It also 
includes sport activities that involve a lot of movement or hard manual labor or work. 
 Sedentary activities refer to activities such as watching TV, playing video games, 
browsing on the computer or playing hand held games. It includes time spent using a 
phone to talk or text with friends but NOT include time you spend sitting while eating, 
doing homework or playing musical instruments 
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Most questions will ask you to report about your involvement over the last 7 days but a few 
questions will ask you to report what you might typically do on a normal week. It is important to 
provide honest answers in order to get accurate results. 
 
 
Now ask the group about the following activities: 
 
a) Playing tennis? (Yes) 
b) Watching TV? (No) 
c) Playing chess? (No) 
d) Basketball? (Yes) 
 
Explanation of Duration: In addition to moderate activity that I explained already, there is one 
important rule that you need to know. The questions in this section ask you about moderate 
activity that lasted at least 10 minutes. So, if you remembered that you played basketball or any 
other activity/games, just remember that these activities had to last for at least 10 minutes, 
otherwise you shouldn’t include them as activity you did.  
 
 Guidelines for Recall: It is important to report what you actually did and not what you usually 
do or what you like to do. Also, it is okay if they report no activity for some of the questions. 
"Some of the questions will ask about activity at specific periods of time such as before school or 
at lunch. We understand that most people will not have activity at these times but this allows you 
to record activity if you did it". 
 
___________ will now give you the YAP that you need to complete. The first page asks about 
your age, gender, grade, and name of the school.  The remaining pages ask you about what you 
did in those 7 days. Don’t fill out the boxes, just answer the questions. 
 
 
STAFF 2 + STAFF 3 – Hand-out the YAP survey (demographic page + YAP).  
 
 
2- During the administration of the survey… 
STAFF INSTRUCTIONS: Let us know if you have any questions. 
 
2.1. (STAFF 1 + STAFF 2 + STAFF 3) Walk around the room to make sure 
participants have no questions and are filling the questionnaire appropriately.  
 
3- After completion… 
 
Let the participants turn in the survey as they finish and follow the instructions 
below. 
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3.1 I will now complete the boxes with your help.  
As you collect/receive YAP from each child, look at their responses and double check they 
provided accurate estimates of their activity at school by filling in the boxes. Do the following: 
 
SECTION 1. Activity Levels - at School 
 
Question 1 Instruction:  
1. Activity To School: How many days often did you walk or bike to school? (If you can’t 
remember, try to estimate) 
a. 0 days (never) 
b. 1 day 
c. 2 days  
d. 3 days  
e. 4-5 days (most every day) 
 
Review the number of days the child reported walking or biking to schools. If the child indicates 
that he or she walked or biked to school, ask them to try to remember what days and then ask 
what time they left.  
 
“Ok, based on the survey, you indicated you walked or biked 2 times. Is that right? Can you 
specify which days you did this? What time do you leave your house?” 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
 
Question 2 Instruction:  
2. Activity during Physical Education Class: During physical education, how often were 
you running and moving as part of the planned games or activities? (If you didn’t have 
PE, choose “Almost none of the time”) 
a. Almost none of the time  
b. A little bit of the time  
c. A moderate amount of time 
d. A lot of the time  
e. Almost all of the time 
 
 
Review the amount of activity the child reported during PE. Ask them to try to remember what 
days and then ask what time they had PE.  
 
“Ok, based on the survey, you indicated that during PE class you were active for a moderate 
amount of time. Is that right? Can you specify which days you had PE? What time you had PE?” 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
What Days? Mo Tu We Th Fr 
Circle days  
What Times? ___ ____ ____ ____ ___ 
 
What Days? Mo Tu We Th Fr 
Circle days with PE 
What Time? __ __ __ __ __ 
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Question 3 Instructions:  
3. Activity during Recess: During recess, how often were you playing sports, walking, 
running, or playing active games? (If you sat the whole time or didn’t have a break at 
school, choose “Almost none of the time”)  
a. Almost none of the time  
b. A little bit of the time  
c. A moderate amount of time  
d. A lot of the time  
e. Almost all of the time  
 
Review the amount of activity the child reported during recess. Ask them to try to remember what 
days and then ask what time they had recess.  
 
“Ok, based on the survey, you indicated that during recess you were active for a moderate 
amount of time. Is that right? Can you specify which days you had recess? What time you had 
recess?” 
 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
 
Question 4 Instruction:  
4. Activity during Lunch: During lunch break, how often were you moving around, 
walking or playing? (If you sat the whole time at lunch, choose “Almost none of the 
time”) 
a. Almost none of the time  
b. A little bit of the time  
c. A moderate amount of time  
d. A lot of the time  
e. Almost all of the time 
 
Review the amount of activity the child reported during lunch. Ask them to try to remember what 
days and then ask what time they had lunch.  
 
“Ok, based on the survey, you indicated that during lunch you were active for a moderate amount 
of time. Is that right? Can you specify which days you had lunch? What time you had lunch?” 
Ask how long of the lunch time were they eating, to make sure they are not including eating time 
as activity. Reinforce that it is okay to report no activity during this time, we just want to allow 
them to report any if they did so. 
 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
 
 
What days? Mo Tu We Th Fr 
Circle days  
What Time? __ __ __ __ __ 
 
What Days? Mo Tu We Th Fr 
Circle days  
What Time? __ __ __ __ __ 
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Question 5 Instruction:  
5. Activity From School: How many days often did you walk or bike from school? (If you 
can’t remember, try to estimate) 
a. 0 days (never) 
b. 1 day 
c. 2 days  
d. 3 days  
e. 4-5 days (most every day)  
 
Review the number of days the child reported walking or biking from school. If the child 
indicates that he or she walked or biked from school, ask them to try to remember what days and 
then ask what time they left.  
 
“Ok, based on the survey, you indicated you walked or biked 2 times. Is that right? Can you 
specify which days you did this? What time do you leave school?” 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
 
SECTION 2. Activity Levels - Outside School 
 
Question 6 Instruction: 
6. Activity before School: How many days before school (6:00-8:00 am) did you do some 
form of physical activity? (This includes activity at home NOT walking or biking to 
school) 
a. 0 days 
b. 1 day 
c. 2 days  
d. 3 days  
e. 4 to 5 days  
 
 
Review the number of days the child reported any activity before school. If the child indicates 
that he or she did some activity before school, ask them if that activity was moderate and if was 
at least 10 minutes. Also ask them to try to remember what days that was. Confirm that 6:00 to 
8:00am is an appropriate period for “before school time”. 
 
“Ok, based on the survey, you indicated you did some activity 2 days. Is that right? Can you 
specify which days you did this? Was it moderate and at least 10 minutes long?” 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
 
 
 
What Days? Mo Tu We Th Fr 
Circle days  
What Time? ___ ____ ____ ____ ___ 
Was activity moderate intensity and at least 10 
minutes? 
 ___ Yes     ___ No  
What Days?: Mo Tu We Th Fr 
Circle days 
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Question 7 Instruction: 
7. Activity after School: How many days after school (between 3:00 - 6:00 pm) did you do 
some form of physical activity? (This includes activity at home or in town but NOT 
walking or biking to school) 
a. 0 days 
b. 1 day 
c. 2 days  
d. 3 days  
e. 4 to 5 days  
 
 
First ask if the child at 3:00pm is already done with school. Make a note with a new time if the 
child says ‘No”.  
 
Review the number of days the child reported any activity before school. If the child indicates 
that he or she did some activity before school, ask them if that activity was moderate and if was 
at least 10 minutes. Also ask them to try to remember what days that was. Confirm that 3:00 to 
6:00pm is an appropriate period for “after-school time”. 
 
“Ok, based on the survey, you indicated you did activity during after-school time on 2 days. Is 
that right? Can you specify which days you did this? Was it moderate and at least 10 minutes 
long?” 
 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data (e.g. missed school etc…). 
 
Question 8 Instruction: 
8. Activity on Weeknights: How many school evenings (6:00-10:00 pm) did you do some 
form of physical activity? (If you don’t remember, try to estimate) 
a. 0 days 
b. 1 day 
c. 2 days  
d. 3 days  
e. 4 to 5 days  
 
 
Review the number of days the child reported any activity during school evenings. If the child 
indicates that he or she did some activity during that time, ask them if that activity was moderate 
and if was at least 10 minutes. Also ask them to try to remember what days that was. Confirm 
that 6:00 to 10:00pm is an appropriate period for “school evening”. 
 
“Ok, based on the survey, you indicated you did some activity 2 times on school evenings. Is that 
right? Can you specify which days you did this? Was it moderate and at least 10 minutes long?” 
Was activity moderate intensity and at least 10 
minutes? 
 ___ Yes      ___ No  
What Days: Mo Tu We Th Fr 
Circle days  
 
Was activity moderate intensity and at least 10 
minutes? 
 ___ Yes    ___ No  
What Days: Mo Tu We Th Fr 
Circle days  
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If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data. 
 
Question 9 Instruction: 
9. Activity on Saturday: How much physical activity did you do last Saturday? (This could 
be for exercise, work/chores, family outings, sports, dance, or play. If you don’t 
remember, try to estimate)  
a. No activity (0 minutes) 
b. Small amount of activity (1 to 30 minutes)  
c. Small to Moderate amount activity (31 to 60 minutes)  
d. Moderate to Large amount of activity (1 to 2 hours) 
e. Large amount of activity (more than 2 hours)  
 
 
Review the amount of activity the child reported during Saturday. Ask them to try to remember at 
what time they were active. Note they can indicate more than one time. Ask them if that activity 
was moderate. Ask them if it was during the morning, afternoon or evening, and then what time 
exactly that was. 
 
“Ok, based on the survey, you indicated that on Saturday you were active for a moderate amount 
of time. Is that right? Can you specify what times you were active? If the child can’t recall the 
exact time, record the portion of the day (e.g. morning, afternoon, evening). Reinforce that it is 
okay to report no activity or more than one bout of activity. 
 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data. 
 
Question 10 Instruction: 
10. Activity on Sunday: How much physical activity did you do last Sunday? (This could be 
for exercise, work/chores, family outings, sports, dance, or play. If you don’t remember, 
try to estimate)  
a. No activity (0 minutes) 
b. Small amount of activity (1 to 30 minutes)  
c. Small to Moderate amount activity (31 to 60 minutes)  
d. Moderate to Large amount of activity (1 to 2 hours) 
e. Large amount of activity (more than 2 hours) 
 
 
Review the amount of activity the child reported on Sunday. First, ask them if that activity was 
moderate. Secondly, ask them to try to remember at what time they were active. Note they can 
indicate more than one time. Finally, ask them first it was during the morning, afternoon or 
evening, and then what time exactly that was. 
 
 
 
Was activity at least of moderate intensity? 
___ Yes   ___ No  
What Times?  7 8 9 10 11 12 1 2 3 4 5 6 7 8 9  
                                    morning                       afternoon               evening                                       
    ________ 
    
Was activity at least of moderate intensity? 
___ Yes     ___ No  
What Times?  7 8 9 10 11 12 1 2 3 4 5 6 7 8 9  
                                    morning                       afternoon               evening 
    ________ 
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“Ok, based on the survey, you indicated that on Sunday you were active for a moderate amount 
of time. Is that right? Can you specify what times you were active? If the child can’t recall the 
exact time, record the portion of the day (e.g. morning, afternoon, evening). Reinforce that it is 
okay to report no activity or more than one bout of activity. 
If they indicate appropriate days, mark it down on the form. If they can’t recall a specific day ask 
them if they might have been thinking of a different week. Provide any other notes that may be 
helpful in processing the data. 
 
SECTION 3. Sedentary Habits – Outside of School 
 
3.1 We will now collect the questionnaires and complete the boxes with your help.  
As you collect section 3 from each child, look at their responses and double check they provided 
accurate estimates of their sedentary habits outside of school by filling in the boxes. Do the 
following: 
 
 
Question 11 Instruction: 
11. TV Time: How much time did you spend watching TV outside of school time (This 
includes time spent watching movies or sports but NOT time spent playing video games). 
a. I didn't watch TV at all 
b. I watched less than 1 hour per day 
c. I watched 1 to 2 hours per day 
d. I watched 2 to 3 hours per day 
e. I watched more than 3 hours per day 
 
Review the amount of TV time the child reported. First, ask them when that was so you can 
double check that it was outside of school time and also, on the last 7 days. Secondly, ask them if 
for that time he is just including TV time. 
 
“Ok, based on the survey, you indicated that you watched TV for less than 1 hour per day. Is that 
right? Are you sure this was just TV time and not videogames or other? 
Provide any other notes that may be helpful in processing the data. 
 
Question 12 Instruction: 
12. Video Game Time: How much time did you spend playing video games outside of 
school time? (This includes games on Nintendo DS, wii, Xbox, PlayStation, iTouch, 
iPad, or games on your phone) 
a. I didn’t really play at all  
b. I played less than 1 hour per day 
c. I played 1 to 2 hours per day 
d. I played 2 to3 hours per day 
e. I played more than 3 hours per day 
 
 
 
Is this time spent just watching TV? 
 ___ Yes 
 ___ No 
 
Is this time spent just playing video 
games? 
 ___ Yes 
 ___ No 
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Review the amount of videogames the child reported. First, ask them when that was so you can 
double check that it was outside of school time and also, on the last 7 days. Secondly, ask them if 
for that time he is just including all videogame time (that he included Nintendo, wii, Xbox, and 
others).  
 
“Ok, based on the survey, you indicated that you played videogames less than 1 hour per day. Is 
that right? Are you sure you included all videogame time? 
Provide any other notes that may be helpful in processing the data. 
 
 
Question 13 Instruction: 
13. Computer Time: How much time did you spend using computers outside of school time? 
(This doesn’t include home work time but includes time on Facebook as well as time 
spent surfing the internet, instant messaging, playing online video games or computer 
games) 
a. I didn’t really use the computer at all  
b. I used a computer less than 1 hour per day 
c. I used a computer 1 to 2 hours per day 
d. I used a computer 2 to3 hours per day 
e. I used a computer more than 3 hours per day 
 
Review the amount of computer time the child reported. First, ask them when that was so you 
can double check that it was outside of school time and also, on the last 7 days. Secondly, ask 
them if for that time he is just including all computer time (such as Facebook, or surfing on the 
net). Check if the child is not including time doing homework.  
 
“Ok, based on the survey, you indicated that you used the computer for less than 1 hour per day. 
Is that right? Are you sure you included all computer time, but not school homework? 
Provide any other notes that may be helpful in processing the data. 
 
Question 14 Instruction: 
14. Phone / Text Time: How much time did you spend using your cell phone after school? 
(This includes time spent talking or texting).  
a. I didn’t really use a cell phone  
b. I used a phone less than 1 hour per day 
c. I used a phone 1 to 2 hours per day 
d. I used a phone 2 to 3 hours per day 
e. I used a phone more than 3 hours per day 
  
Review the amount of cell phone time the child reported. First, ask them when that was so you 
can double check that it was outside of school time and also, on the last 7 days. Secondly, ask 
them if for that time he/she is including both, time spent talking and texting.  
 
“Ok, based on the survey, you indicated that you used the cell phone for less than 1 hour per day. 
Is that right? Are you sure you included all phone time, including talking and texting? 
Provide any other notes that may be helpful in processing the data. 
Is this time spent just using computer? 
 ___ Yes 
 ___ No 
 
Does this time include both talk and texting? 
 ___ Yes 
 ___ No 
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Question 15 Instruction: 
15. Overall Sedentary Habits: Which of the following best describes your overall sedentary 
habits at home last week? ( 
a. I spent almost none of my free time sitting  
b. I spent little time sitting during my free time  
c. I spent a moderate amount of time sitting during my free time 
d. I spent a lot of time sitting during my free time  
e. I spent almost all of my free time sitting 
 
There are no probes for this item. Just double check that the child completed the question. 
 
 
LOG SHEETS: Now before you finish, ask children to put their log sheets over 
their table so you can collect those. Review the log sheets with the child and ask 
the child if there is any other time missing on these logs. If the log is blank, ask the 
child if there is no time missing, or if she forgot to write down any non-wear 
period. Always confirm if the information is true for both monitors. 
 
COLLECT LOG SHEETS 
 
You have now completed the YAP survey. Save this document and respective log 
sheets in the appropriate folders.  
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APPENDIX H – ALTERNATIVE VERSION FOR YAP WEEKEND ITEMS 
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